
SPECIFICATION METHOD AND APPARATUS FOR CUTTING APART A GLASS SUBSTRATE,
LIQUID CRYSTAL PANEL, AND APPARATUS FOR FABRICATING A LIQUID  5 CRYSTAL
PANEL Technical field The present invention relates to a method and an
apparatus for cutting apart a glass  substrate, as used as a glass substrate
of a liquid crystal display element or the like, that has a  10
deposited-film layer, such as a thin film or film layer, formed on at least
one surface thereof. The present invention relates also to a liquid crystal
panel composed of a pair of substrate  cells bonded together with liquid
crystal sealed in between and with polarizer plates bonded to  the outer
surfaces of the substrate cells, and to an apparatus for fabricating a
plurality of such  liquid crystal panels by cutting apart a glass substrate
that has a plurality of pairs, arranged 15 adjacent to one another, of glass
substrate cells bonded together with liquid crystal sealed in  between and
that has polarizer plates bonded to both surfaces thereof. Background art
Conventionally, a glass substrate is generally cut apart by so-called
scribing,  20 specifically by first securing the glass substrate on a
workpiece stage of a cutting machine by  vacuum chucking or the like, then
forming a linear scratch called a scribed line, which  actually is a kind of
crack (hereinafter referred to as a crack also), on one surface of the glass
substrate by the use of a wheel-shaped cutter having the outermost edge
thereof formed of a  superhard material, such as superhard alloy or diamond,
and then pressing the glass substrate -2- from behind the opposite surface
thereof along the scribed line by the use of a pressing means,  such as a
press or roller, so that the crack that has been formed in the scribed line
on the glass  



substrate in the direction perpendicular to the substrate surface develops
until eventually the  glass substrate breaks apart. 5 Today, liquid crystal
display elements and other display devices similar thereto are  fabricated,
with a view to fabricating them at low costs, by cutting apart a
large-format glass  substrate material, having thin films, such as a
transparent electrode like an ITO film, an  insulating film, an orientation
film, and the like formed on the surface thereof beforehand,  into a shape
having desired dimensions. When such a glass substrate having deposited-film
10 layers (hereinafter referred to as deposited films also) formed thereon
is cut apart, various  problems arise that were unimaginable in the scribing
of a conventional glass substrate. For  example, scribing the film-deposited
surface results in destroying the deposited films around  the scribed lines.
This makes the deposited films scatter in the form of fine particles, and
may lead to unacceptable product quality. Even scribing the opposite,
non-film-deposited 15 surface results in the deposited films being scratched
or deformed as a result of the film- deposited surface making contact with
the stage of the cutting machine. A solution to these inconveniences is
proposed in Japanese Patent Application Laid- Open No. H11-64834, which
discloses a conventional method for scribing a large-format  glass substrate
having deposited films formed thereon into strip-shaped sections having 20
desired dimensions. This method attempts to overcome the above
inconveniences by  scribing the glass surface opposite to the film-deposited
surface. Now, with reference to Fig. 52, the method disclosed in Japanese
Patent Application  Laid-Open No. Hl l-64834 will be described, mainly by
quoting from its specification. A  glass substrate 101 has a deposited film
102 formed on one surface thereof The glass -3- substrate 101 is secured,
with the deposited film 102 up, on the top surface of a surface plate  103
serving as a workpiece stage by an unillustrated chucking means, such as
vacuum. In 



the surface plate 103, rectilinear openings 104 are formed at predetermined
intervals so as to  permit a scribing means 105 serving as a crack-forming
means for forming a scribed line, i.e., 5 a crack, to move along the
openings 104 while scribing the bottom surface of the glass  substrate 101.
A pushing means 106 and a positioning means 107, each realized with an air
cylinder or the like, work together to move the glass substrate 101 into one
predetermined  position after another. The pushing means 106 has a pushing
pin 110 provided at the tip  thereof, and the positioning means 107 has a
positioning pin 111 provided at the tip thereof. 10 A pressing means 109
presses the glass substrate 101, from above the film-deposited surface
thereof, against the top surface of the surface plate 103 so as to hold the
glass substrate 101 in  position. Next, how the method works will be
described. When the surface plate 103 is  located in position "a" indicated
with dotted lines, the glass substrate 101 is placed thereon by  15 a
unillustrated transporting machine, and then the positioning pin 111 at the
tip of the positioning means 107 swoops down on the surface of the surface
plate 103 in response to a  positioning signal from a unillustrated
controlling means. Next, the pushing pin 110 at the  tip of the pushing
means 106 extends so as to move the glass substrate 101 on the surface
plate 103 in the direction indicated by a horizontal arrow in the figure
until the glass substrate 20 101 makes contact with the positioning pin 111.
In this way, the places at which to cut apart  the glass substrate 101 are
aligned with the openings 104. Next, the controlling means gives
instructions to chuck the glass substrate 101 onto the surface plate 103,
then move the  pressing means 109 to the place where scribing is going to be
performed and press it against  the top surface of the glass substrate 101,
and then make the scribing means 105 scribe the -4- bottom surface of the
glass substrate 101. The scribing means 105 repeats scribing while
traveling from one opening to another by being fed at the intervals at which
to form scribed  



lines. Thus, according to this method, the glass substrate 101 is scribed
from below the  bottom surface thereof through the openings 104 formed in
the surface plate 103, Here, the 5 force with which the glass substrate 101
is chucked onto the surface plate 103 by the chucking  means is not
sufficient to counter the scribing load e) Certed by the scribing means 105,
and  this insufficiency needs to be compensated for by pressing the glass
substrate 101 from above  the film-deposited surface thereof with the
pressing means 109. The conventional method and apparatus for scribing
(cutting-apart) described above  10 are intended mainly for the
cutting-apart of a glass substrate having a protective film formed  on a
large-format glass material. With a glass substrate having a thin film, such
as an ITO  film, formed thereon, however, the use of a common pressing
means, such as the weight- shaped one 109 shown in Fig. 52, for countering
the scribing load from below results in the  thin film being destroyed by
the load of the pressing means itself 15 For further cost reduction of
liquid crystal display elements, attempts have been made  to cut apart a
large-format glass material after forming films, such as a  polarizer plate
and a  protective sheet, thereon instead of bonding those films after the
cutting -apart of the glass  substrate as conventionally practiced. It has
been customary to bond polarizer  plates to the outer surfaces of an upper
and a lower glass substrate in the last step of the process of  20
fabricating a liquid crystal cell. This, involving positioning of the films
relative to the glass  substrates and requiring an extra step, hampers cost
reduction The thickness of a deposited film varies according to its type,
while a thin film, such  as an ITO film, is a few Am thick or thinner, a
film layer, such as a polarizer plate, is 10 Am to  0.6 mm. thick. With a
glass substrate having such a film layer formed thereon, it is -5-
impossible to directly scribe the film-deposited surface thereof. With the
conventional  method and apparatus for scribing described above, the
presence of the film layer makes it  



impossible to cut apart the substrate after scribing. On the other hand, in
the case of medium- to small-size liquid crystal panels, in  5 particular
those with screen sizes up to about 5 inches, it has been customary to
fabricate them  by first cutting apart large-format glass substrates already
bonded together roughly into strip- shaped glass substrates, then processing
them in predetermined manners, as by putting and  sealing liquid crystal in
between, then further cutting them apart finely into a predetermined  panel
size to produce a plurality of individual cells, and then bonding polarizer
plates to the  10 individual cells to produce a plurality of liquid crystal
panels. Now, with reference to Fig. 53, the liquid crystal panel fabricated
by this conventional  method will be described. In Fig. 53, there are shown
perspective external views of the  conventional liquid crystal panel, with
the figure at (a) showing the top side thereof and the  figure at (b)
showing the bottom side thereof This liquid crystal panel 550 is composed of
a 15 pair of substrate cells 551a and 551b bonded together and having liquid
crystal sealed in  between. One end of one 551a of the substrate cells
protrudes from one end of the other  551b, and, on the inner surface of the
protruding portion 551 aa are formed connection  terminals 553 by way of
which the liquid crystal panel is driven. Moreover, on the outer  surfaces
of the substrate cells 551 a and 551b, polarizer plates 552a and 552b are
respectively 20 bonded so as to cover the display region (not shown). When
the liquid crystal panel is  designed for use in a so-called backlit liquid
crystal display device that achieves display by  transmitting light from a
light source, the polarizer plates 552a and 552b have roughly equal  sizes
and are so arranged as to face each other with the liquid crystal cells 551a
and 551b  sandwiched in between. -6- The conventional method described above
involves bonding polarizer plates one by one to individual cells, resulting
in extremely poor fabrication efficiency. Even when a  



dedicated machine is used for that purpose, the influence of static
electricity imposes a limit  on the rate at which polarizer  plates can be
bonded (typically, 8 to 10 seconds required per 5 polarizer plate). Thus, to
cope with demands for high yields (fabrication of as many liquid  crystal
panels as possible) on the market, a large number of polarizer plates need
to be treated  concurrently on a large number of machines- This greatly
increases plant-and -equipment  spending, and thus increases the costs of
liquid crystal panels as end products. A way to avoid this is proposed, for
example, in Japanese Patent Application Laid- 10 Open No. H6-342139, which
discloses a method for fabricating a liquid crystal panel whereby  first a
polarize r plate having cut lines, marking where to cut apart, formed at
predetermined  places thereon is bonded to a plastic substrate, and then the
plastic substrate is cut apart along  the cut lines to produce a plurality
of liquid crystal panels. According to this method, the  polarizer plate is
bonded to the substrate before the substrate is cut apart- This helps
greatly 15 scale down the step itself of bonding the polarizer plate. Thus,
it is possible to improve  fabrication efficiency without unduly increasing
plant-and-equipmen t spending. This method, however, has the following
disadvantages. First, a polarizer plate itself  is formed of polyvinyl
alcohol sandwiched between layers of cellulose triacetate or coated  with an
acrylic resin, and is formed as a thin film about 0.2 to 0.6 min thick.
Therefore, 20 when cut lines are formed in this polarizer plate, unexpected
application of a load thereto may  deform the portion thereof around the cut
lines, eventually leading to warping or breakage of  the polarizer plate. In
particular, when bonded to a substrate, the polarizer plate needs to be
bonded thereto so that the cut liens are located at predetermined places on
the substrate- This necessitates the use of a high-precision machine, which
is disadvantageous to cost -7 reduction of liquid crystal panels. Second,
when the substrate is cut apart, the polarizer plate is also cut apart (even



where a cut line is formed, the portions of the polarizer plate across it
are separated from each  other). In particular when a glass substrate, which
is brittle, is used as the substrate, the 5 substrate and the polarizer
plate have quite different properties, and therefore, unless special  care
is taken, the glass substrate may break at inappropriate places, or the
polarizer plate may  exfoliate unexpectedly. That is, it is extremely
difficult to cut them apart without  degradation in quality. Thus, this
method leaves room for improvement. Incidentally,  Japanese Patent
Application Laid-Open No. H6-342139 presupposes the use of a plastic 10
substrate, of which the material is similar to the material of the
polarizer, as the substrate, and  therefore, quite naturally, it gives no
special consideration to the method for cutting them. On the other hand, in
the conventional liquid crystal panel shown in Fig. 53, the  individual
substrate cells 551a and 55 lb are thin (when formed of glass, about 0.4 to
0.7 mm),  and therefore the protruding portion 55 laa, in particular, is
mechanically weak. Thus, when 15 the liquid crystal panel is transported
from one place to another or assembled into a liquid  crystal display
device, if it is hit or dropped, the protruding portion 551aa may be cracked
or  deformed, or broken at a corner. Accordingly, extremely cautions
handling is required. Moreover, in recent years, a polarizer plate itself
has come to be given multiple  functions, and is formed of a plurality of
sheets having various optical properties laid on one  20 another, As a
result, at the edges of a polarizer plate bonded to a substrate cell, there
are often observed burrs and the like. This makes it difficult to assemble a
liquid crystal panel  into a liquid crystal display device, or causes the
polarizer plate to exfoliate from the substrate  cell unexpectedly.
Furthermore, in a case where a removable protective film is laid on the
outer surface of a polarizer plate so as to be integral therewith, when the
liquid crystal panel is -8- transported from one place to another or
assembled into a liquid crystal display device, the  film may exfoliate from
the polarizer plate unexpectedly and scratch the polarizer plate itself 



Disclosure of the invention 5 It is an object of the present invention to
provide a method and an apparatus for  cutting apart a glass substrate
having a deposited-film formed thereon whereby the glass  substrate can be
cut apart without being affected by the presence or the thickness of the
deposited film with respect to the scribing of the glass substrate. It is
another object of the present invention to provide a liquid crystal panel
free from  10 local weakening of mechanical strength and free from
unexpected exfoliation of a polarizer  plate. Simultaneously, it is also an
object of the present invention to provide an apparatus  for fabricating a
plurality of liquid crystal panels by cutting apart a glass substrate having
a  polarizer plate bonded thereto wherewith liquid crystal panels as
described above can be  fabricated without degradation in quality and with
improved fabrication efficiency. 15 To achieve the above objects, according
to the present invention, in a method of  cutting apart a glass substrate
having a deposited film formed thereon, there are provided  glass substrate
exposing means for removing strip-shaped portions of the deposited film so
as  to expose strip-shaped regions on the substrate, and crack forming means
for forming cracks  so as to permit the glass substrate to be cut apart
along the strip-shaped regions exposed 20 thereon by the glass substrate
exposing means. Here, the glass substrate is cut apart along  the cracks.
Moreover, according to the present invention, in an apparatus for cutting
apart a  glass substrate, including a workpiece stage on which a glass
substrate having a deposited  film formed thereon is placed, securing means
for securing the glass substrate in a  predetermined position on the
workpiece stage, crack forming means for forming cracks on -9- the glass
substrate so as to permit the glass substrate to be cut apart along the
cracks, and  actuating means for moving the crack forming means to a
predetermined position, wherein the  apparatus cuts apart the glass
substrate into a plurality of blocks along the cracks, there is  



provided a glass substrate exposing means for removing strip-shaped portions
of the deposited 5 film so as to expose strip-shaped regions on the glass
substrate. Here, the cracks are so  formed that the glass substrate is cut
apart along the strip-shaped regions exposed thereon by  the glass substrate
exposing means. By this method and with this apparatus, it is possible to
remove portions of the  deposited film sufficient to form cracks and then
form cracks along strip-shaped regions  10 exposed on the glass substrate to
permit the glass substrate to be cut apart along the cracks. This makes it
possible to cut apart a glass substrate having any type of deposited film
formed  thereon, from a thin film such as an overcoating film or transparent
electrode to a film such as  a polarizer plate or a deposited film up to 1
to 2 mm thick such as a resin film or protective  film, without being
affected by the presence of the deposited film. 15 Moreover, to achieve the
above objects, according to the present invention, a liquid  crystal panel
is composed of a pair of substrate cells bonded together with liquid crystal
sealed in between and with polarizer plates bonded to outer surfaces of the
substrate cells. In  addition, one end of one of the substrate cells
protrudes from one end of the other of the  substrate cells so as to form a
protruding portion, connection terminals by way of which the 20 liquid
crystal panel is driven is formed on the inner surface of the protruding
portion, and the  polarizing plate so extends as to cover the outer surface
of the protruding portion. Thus, the  protruding portions is reinforced by
the polarizer plate. This enhances mechanical strength. Moreover, according
to the present invention, a liquid crystal panel is composed of a  pair of
substrate cells bonded together with liquid crystal sealed in between and
with polarizer _10- plates bonded to outer surfaces of the substrate cells.
In addition, the edges of the polarizer  plates are so formed as to have a
vertical section that becomes thinner and thinner toward the  substrate
cells. This prevents the edges of the polarizer  plates from being caught  



accidentally, and thus helps prevent exfoliation thereof 5 Moreover, to
achieve the above objects, according to the present invention, in an
apparatus for fabricating a liquid crystal panel, more specifically one for
fabricating a  plurality of the liquid crystal panel described above by
cutting apart a glass substrate that has  a plurality of pairs, arranged
adjacent to one another, of glass substrate cells bonded together  with
liquid crystal sealed in between and that has polariz  plates bonded to both
surfaces 10 thereof, there are provided glass substrate "posing means for
removing strip-shaped portions  of the polarizer  plates so as to expose
strip-shaped regions on the glass substrate, and crack  forming means for
forming cracks so as to permit the glass substrate to be cut apart along the
strip-shaped  region exposed thereon by the glass substrate exposing means.
Here, the glass  substrate is cut apart along the cracks. Thus, first,
portions of the polarizer  plates are 15 removed along the boundaries
between the substrate cells, then cracks for cutting-apart are  formed along
the strip-shaped regions exposed on the glass substrate as a result, and
then the  glass substrate is cut apart along the cracks. In this way,
individual substrate cells are  produced that each form a liquid crystal
panel. That is, it is possible to cut apart the glass  substrate without
degradation in quality. Moreover, there is no need to use special 20
equipment to bond the polarizer  plates on the glass substrate. This
enhances fabrication  efficiency. Brief description of drawings Fig. I is a
diagram schematically showing how a deposited film is removed in the - I I
glass substrate cutting method of a first embodiment of the invention, with
a side view shown  at (a) and a front view shown at (b). Fig. 2 is an
enlarged view of Fig. I (a). Fig. 3 is a front view schematically showing
how a crack (scribed line) is formed in  



5 the first embodiment. Fig. 4 is a front view schematically illustrating
-how a deposited film is removed in the  cutting methods of a second and a
third embodiment of the invention. Fig. 5 is a diagram schematically
illustrating how a deposited film is removed in the  cutting method of a
fourth embodiment of the invention, with a side view shown at (a) and a  10
front view shown at (b). Fig. 6 a side view schematically showing another
example of the fourth embodiment.  Fig. 7 is a front view schematically
illustrating how a deposited film is removed in the  cutting method of a
fifth embodiment of the invention. Fig. 8 is a side view schematically
illustrating how a deposited film is removed in the  15 cutting method of a
sixth embodiment of the invention. Fig. 9 is a front view schematically
showing how a crack is formed in the cutting  method of a seventh embodiment
of the invention. Fig. 10 is an external view of the cutter used in the
cutting method of an eighth  embodiment of the invention. 20 Fig. I I is a
side view schematically illustrating how a deposited film is removed in the
eighth embodiment; Fig. 12 is a front detail view of the cutter used in the
eighth embodiment;  Fig. H is a sectional view along line m-n shown in Fig.
12; Fig. 14 is a front view of the glass substrate cutting apparatus of a
ninth embodiment -12 of the invention; Fig. 15 is a perspective view of the
crack forming means (scribing unit) used in the  cutting apparatus of the
ninth embodiment; Fig. 16 is a plan view of the cutting apparatuses of the
ninth and a tenth embodiment  



5 of the invention as seen from above; Fig. 17 is a front view of the
cutting apparatus of the ninth embodiment, in the state  before
deposited-film removal operation; Fig. 18 is a front view of the cutting
apparatus of the ninth embodiment, in the state in  the middle of
deposited-film removal operation; 10 Fig. 19 is a diagram schematically
illustrating the principles of the glass substrate  cutting method of an
eleventh embodiment of the invention and how a part of a deposited film  is
removed by an apparatus employing the method; Fig. 20 is a diagram
schematically illustrating the principles of the glass substrate  cutting
method of a twelfth embodiment of the invention and how a part of a
deposited film is  15 removed and how a crack is formed by an apparatus
employing the method; Fig. 21 is a sectional view showing how parts of a
deposited film are removed in the  glass substrate cutting method of a
thirteenth embodiment of the invention; Fig. 22 is a sectional view showing
how cracks are formed in the cutting method of  the thirteenth embodiment;
20 Fig. 23 is a sectional view showing how parts of a deposited film are
removed and  how cracks are formed in the cutting method of a fourteenth
embodiment of the invention; Fig. 24 is a perspective view showing the
appearance of the liquid crystal panel of a  fifteenth embodiment of the
invention; Fig. 25 is a vertical sectional view of the liquid crystal panel
of the fifteenth - 13  embodiment;  Fig. 26 is a diagram schematically
showing how the properties of the liquid crystal panel of the fifteenth
embodiment vary as the edge angle of the polarizer plate varies, Fig. 27 is
a perspective view schematically showing the appearance of the liquid  



5 crystal panel fabricating apparatus of a sixteenth embodiment of the
invention; Fig. 28 is an enlarged view of a principal portion of the glass
substrate;  Fig. 29 is an external view of the wheel cutter for scribing;
Fig. 30 is a perspective view schematically showing the appearance of the
liquid  crystal panel fabricating apparatus of a seventeenth embodiment of
the invention, 10 Fig. 31 is a perspective view schematically showing the
appearance of the liquid  crystal panel fabricating apparatus of an
eighteenth embodiment of the invention; Fig. 32 is an external perspective
view showing examples of the blade shape used in  the liquid crystal panel
fabricating apparatus of the third embodiment-, Fig. 33 is a perspective
view schematically showing the appearance of the liquid  15 crystal panel
fabricating apparatus of a nineteenth embodiment of the invention, Fig. J4
is a perspective view schematically showing the appearance of the blade used
in the liquid crystal panel fabricating apparatus of the nineteenth
embodiment; Fig. 35 is an exploded perspective view of the blade shown in
Fig. 34; Fig. 36 is a sectional view illustrating the operation of the
liquid crystal panel  20 fabricating apparatus of the nineteenth embodiment;
Fig. 37 is a sectional view showing the blade used in the liquid crystal
panel  fabricating apparatus of a twentieth embodiment of the invention;
Fig. 38 is a perspective view schematically showing the appearance of the
liquid  crystal panel fabricating apparatus of a twenty-first embodiment of
the invention; -14- Fig. 39 is an external view showing the blade used in
the liquid crystal panel fabricating apparatus of the twenty-first
embodiment; Fig. 40 is a perspective view showing the appearance of a glass
substrate used as the  material of a liquid crystal panel embodying the
invention; 



5 Fig. 41 is a side view schematically showing an example of a liquid
crystal panel fabricating apparatus with respect to the glass substrate
shown in Fig. 40; Fig. 42 is a vertical sectional view of the glass
substrate after being treated by the  liquid crystal panel fabricating
apparatus shown in Fig. 41; Fig. 43 is perspective view showing the
appearance of the glass substrate after being  10 treated by the liquid
crystal panel fabricating apparatus shown in Fig. 41; Fig. 44 is a
perspective view showing the liquid crystal panel fabricating apparatus of
the invention running in the X direction; Fig. 45 is a perspective view
showing the liquid crystal panel fabricating apparatus of  the invention
running in the Y direction; 15 Fig. 46 is a vertical sectional view showing
the liquid crystal panel fabricating  apparatus of the invention running in
the Y direction; Fig. 47 is an external perspective view of a liquid crystal
panel produced by the  operation of the liquid crystal panel fabricating
apparatus shown in Figs. 44 to 46; Fig. 4S is an external perspective view
of the blade used in the operation of the liquid  20 crystal panel
fabricating apparatus shown in Figs. 44 to 46; Fig. 49 is a perspective view
showing the liquid crystal panel fabricating apparatus of  the invention
running in the X direction, as an example of the preferred operation
thereof; Fig. 50 is a perspective view showing the liquid crystal panel
fabricating apparatus  shown in Fig. 49 now running in the Y direction after
running in the X direction; - 15 Fig. 51 is a perspective view showing the
liquid crystal panel fabricating apparatus  shown in Fig. 50 now running in
the X direction for the second time after running in the Y  direction; Fig.
52 is a front view showing an example of a conventional glass substrate
cutting  



5 apparatus; and Fig. 53 is a perspective view showing the appearance of a
conventional liquid crystal panel. Best mode for carrying out the invention
10 Hereinafter, methods and apparatuses for cutting apart a glass substrate,
liquid crystal  panels, and method for fabricating a liquid crystal panel,
all embodying the present invention,  will be described one by one in detail
with reference to the drawings. In the drawings  referred to in the
descriptions of the individual embodiments, such components as have the
same functions among different embodiments are identified with the same
reference numerals  15 as far as possible, and overlapping explanations will
not be repeated. First, the glass substrate cutting method of a first
embodiment of the invention will be  described. Figs. 1 to 3 show the glass
substrate cutting method of the first embodiment.  Fig. 1(a) is a side view
schematically showing how a deposited film formed on a glass  substrate is
removed, and Fig. 1(b) is a front view of Fig. 1(a) as seen from the left
thereof. 20 Fig. 2 illustrates in more detail the operation shown in Fig. 1,
and Fig. 3 shows how a scribed  line (crack) is formed on the glass
substrate. Here, a deposited film may be any type of film,  from a thin film
such as a overcoating film or electrode film to a thicker film such as a
polarizer plate, or a resin film or protective film. In Fig. 1, reference
numeral I represents a glass substrate having a deposited film I a - 16
formed thereon, reference numeral 2 represents a shaving cutter, like a wood
chisel, serving as  a glass substrate exposing means for cutting, shaving
off, and thereby removing strip-shaped  portions of the deposited film la so
as to expose the glass substrate 1, and reference numeral 3  represents a
workpiece stage on which the glass substrate is placed and secured. As shown
5 in Fig. 1(b), the shaving cutter 2 has a cross section that is
substantially V-shaped with an  



opening angle B. As the shaving cutter 2 is moved -from left to right as
seen in Fig. 1(a)  parallel to the top surface of the glass substrate 1,
with the cutting edge at the tip of the  shaving cutter 2 pressed against
the glass substrate 1 so as to make contact with the bottom  surface of the
deposited film la, i.e. the glass surface of the glass substrate 1, the
deposited 10 film la is cut, shaved, and thereby removed in the form of a
waste strip lb as shown in Fig.  1(a) that comes off along the substantially
V-shaped groove of the cutting edge. The force  with which the shaving
cutter 2 is pressed against the glass substrate is adjusted according to
the thickness and material of the deposited film I a. Typically, the
pressure is not higher than  1 N (newton) for a deposited film, such as a
resin film, of up to a few tens of m thick, but is  15 equal to a few tens
of N for a film of about 0.5 mm thick. In Fig. 1(a), the optimum angle a
between the shaving cutter 2 and the surface of the  glass substrate 1 is
adjusted according to the thickness and material of the deposited film I a,
and the shaving of the deposited film is performed with the optimum angle.
The angle (3  between the shaving cutter 2 and its cutting edge is usually
about 40. Where the deposited 20 film I a is a thin film a few tens of m
thick, or a quite thick film layer, or in other situations,  however, the
angle (3 is adjusted according to the thickness and material of the
deposited film  so that the shaving thereof is performed with optimum
results. Fig. 2 shows in more detail how the cutting and shaving of the
deposited film la is  achieved by the shaving cutter 2 shown in Fig 1(a). In
its simplest form, the shaving cutter 2 -17- is formed as a blade like a
V-shaped wood chisel by bending a plate-shaped material with a  thickness t
into a substantially V-like shape wit h an opening angle 0 as shown in Fig.
I (b) and  then forming a clearance angle y all along the cutting edge as
shown in Fig. 2. Fig. 3 shows how a scribed line (crack) 5a is formed, in
the shaved groove 5 formed  5 by the shaving cutter 2, by making a
wheel-shaped scribing cutter 4 serving as a crack  



forming means roll along the shaved groove while pressing it downward- The
scribing  means 4 serving as the crack forming means has a cutter wheel 4a,
of which the edge is  formed of diamond, superhard alloy, or the like,
rotatably pivoted on a support shaft 4b. The  edge angle of the wheel cutter
4a is varied in the range of from about 60' to 140' according to 10 the
thickness and material of the glass substrate- Accordingly, the opening
angle 0 of the  shaving cutter 2 shown in Fig. 1(b) is determined in such a
way as to permit the shaved  groove 5 to be so shaped and sized that the
cutter wheel 4a, when forming the scribed line 5a  on the surface of the
glass substrate 1, does not interfere with the deposited film la or
otherwise affect adversely. 15 Fig. 4(a) is a diagram showing the cutting
method of a second embodiment of the  invention. As compared with Fig. 1,
which illustrates the first embodiment, the shaving  cutter 12 here has a
different cross-sectional shape. The second embodiment shown in Fig.  4(a)
differs from the first embodiment in that the cutting edge at the tip of the
shaving cutter  12, where it makes contact with the surface of the glass
substrate, has not a V-shaped opening 20 but an arc-shaped opening with a
radius RI as shown in Fig. 4(a). The second embodiment,  which is
characterized by the arc-shaped cross section of the cutting edge of the
shaving cutter  12, has, among others, the following advantages. It is
possible to secure a wider width at the  bottom of the shaved groove 5 shown
in Fig. 3, i.e., a wider width in the exposed region  (strip-shaped region)
on the glass substrate, than in the first embodiment. This results in a - 18
greater margin in the positioning of the edge of the cutter wheel 4a.
Moreover, the pressing  force does not concentrate on one point at the
cutting edge of the shaving cutter as in the first  embodiment. This helps
maintain the sharpness of the cutting edge of the shaving cutter 12  for a
longer period. The radius RI and the opening angle of the cutting edge are,
as in the 5 first embodiment, determined appropriately according to the edge
angle of the cutter wheel 4a  



and the thickness of the deposited film la- In other respects, including how
scribed lines are  formed, the second embodiment works in the same manner as
the first embodiment, and  therefore overlapping explanations will not be
repeated. Fig. 4(b) shows the cutting method of a third embodiment of the
invention. In the  10 third embodiment, the feature of the second embodiment
is further developed- Specifically,  here, the cross-sectional shape of the
cutting edge at the tip of the shaving cutter 22 is  composed of a linear
portion with a width L1, which makes contact with the surface of the  glass
substrate 1, and slanted portions with an opening angle 0 1, which cut the
deposited film  1 a. Where the linear portion meets the slanted portions,
they are connected together by two 15 small arcs r2. This helps perform the
cutting and shaving of the deposited film la with  satisfactory results, and
also helps prolong the working life of the cutting edge of the shaving
cutting 22. As compared with the second embodiment, the third embodiment, in
which the  width at the bottom of the shaved groove 5 is determined by L1,
permits easier setting of the  dimensions of the shaved groove. As in the
second embodiment, the shape and dimensions 20 of the cutting edge,
specifically the values of LI and 61, are determined appropriately
according to the edge angle of the cutter wheel 4a and the thickness of the
deposited film I a.  In other respects, including how scribed lines are
formed, the third embodiment works in the  same manner as the first
embodiment, and therefore overlapping explanations will not be  repeated.
-19- Figs. 5 and 6 show the cutting method of a fourth embodiment of the
invention. Fig. 5(a) is a side view showing how a deposited film Ia formed
on the glass substrate I is cut by  two flat-plate-shaped  cutters 32 and
32' arranged so as to face each other in the fourth  embodiment, and Fig.
5(b) is a front view of the Fig. 5(a) as seen from the direction indicated 5
by an arrow therein. In this embodiment, to bring the edge of a cutter wheel
4a into contact  



with the glass surface of a glass substrate I when it is scribed, a shaved
groove is formed in  the deposited film Ia by moving two cutters, arranged
substantially parallel to each other and  kept in contact with the deposited
film Ia, in the direction indicated by an arrow in Fig. 5(a)  so as to cut
the deposited film Ia. For example, the two cutters 3 2 and 32' are formed
so as 10 to have a side shape as shown in Fig. 5(a), are arranged with a
cutting angle a appropriately  determined in the range of, for example, from
20' to 50' according to the thickness and  material of the deposited film
Ia, and are moved parallel to the glass substrate I as indicated  by the
arrow while being pressed against it so as to cut the deposited film Ia. As
shown in  Fig. 5(b), as in the third embodiment, the interval L2 and the
inclination angle 02 between the 15 two cutters '12 and ' )2' are so
determined that the edge of the cutter wheel, when scribing the  glass
substrate 1, does not interfere with the deposited film Ia. In the fourth
embodiment, even after the deposited film Ia is cut by the two flat-plate-
shaped cutters J2 and 32', the deposited film Ia remains in the form of a
waste strip lb as  shown in Fig. 5(b), and therefore this waste strip lb
needs to be shaved off and removed in a 20 downstream step. This is
achieved, for example, by shaving off and removing it with a  shaving
cutter, as the one shown in Fig. 4(b), having a trapezoidal or C-shaped
cross section  and having a bottom width L I equal to or slightly smaller
than L2 shown in Fig. 5(b). In the  fourth embodiment, cutting and shaving
are performed in different steps. This, however,  makes it possible to cut
the deposited film Ia more sharply than in the first to third -20-
embodiments. Thus, even a deposited film as thick as I to 2 mm can be cut
with satisfactory  quality in cut surfaces. Moreover, it is possible to
purchase the cutter cheaply by using a  well-known, commercially available
cutter blade 32b as shown in Fig 6. Fig. 7 shows the cutting method of a
fifth embodiment of the invention. This  5 embodiment is a further developed
version of the fourth embodiment. Specifically, how  



cutting, shaving, and scribing are performed in this embodiment is the same
as in the fourth  embodiment except that a cutter 42 as shown in Fig. 7 is
used instead of the cutter 32 shown  in Fig. 5. Accordingly, a left or right
side view of Fig, 7 is identical with Fig. 5(b), and is  therefore omitted.
Whereas in the first to fourth embodiments the cutter permits the cutting 10
and shaving of the deposited film Ia only in one direction, i.e., in the
direction in which the  cutter moves, in this embodiment the cutter 42 is
given a side shape as shown in Fig. 7 so as  to permit cutting also in the
leftward and rightward directions as seen in Fig- 7 without  requiring a
change in the arrangement of the cutter when the cutting direction is
changed.  The cutting angles 61 and 62 of the cutter 42 are so determined as
to offer the optimum 15 cutting conditions that fit the thickness and
material of the deposited film Ia. When the  cutter 42 is used to cut in
both directions, the cutting angles 6 1 and F2 are usually set equal to
each other. The shaving and removal of the waste strip lb is performed
separately in the  leftward and rightward directions in a manner similar to
that used in the fourth embodiment, Fig. 8 shows the cutting method of a
sixth embodiment of the invention. In this  20 embodiment, a shaving cutter
52 composed of a cutter blade 52a and a holder portion 52b is  used. Any of
the cutters used to cut and shave the deposited film Ia in the cutting
methods  of the first to fifth embodiments described above may be adapted to
the cutter blade 52a of  this embodiment. The holder portion 52b serves as a
handle that holds the cutter blade 52a  when the deposited film Ia is cut
and shaved. In addition, by unifying and standardizing the -21- length and
the cross-sectional shape of the holder portion 52b, for example into a
rectangular  shape having predetermined dimensions, it is possible, where a
deposited film is cut and  shaved with the shaving cutter 52 fixed to a jig
or machine, to use any of the cutters of the  first to fifth embodiments by
interchanging them on a single jig or machine. 5 The holder portion 52b is
formed preferably of an appropriately elastic material, for  



example resin such as Duracon or Delrin, or more flexible rubber such as
silicone rubber or  nitrite rubber, or, in some cases, wood. By so doing,
even if there are variations or the like  in the thickness or hardness of
the deposited film to be shaved, the elasticity of the holder  portion 52b
absorbs variations in the resistance to cutting and shaving. This can be
used as a 10 safety mechanism in a cutting apparatus to which the techniques
of this embodiment are  applied. The shaving cutter 52 may be given
elasticity by exploiting the action of coil  springs 77a and 77b (see Figs.
15 and 17), which will be described later in connection with a  ninth
embodiment. The blade of the cutter used to cut and shave the deposited film
la in the first to sixth  15 embodiments is formed of a common material,
such as carbon tool steel or martensitic   stainless steel, hardened by heat
treatment or the like as required. However, there is no  restriction on the
material of the cutter so long as it can appropriately cut and shave various
deposited films la made of different materials and having different
thicknesses. Moreover,  the cutter used to cut and shave the deposited film
la in this embodiment has its cross 20 sectional shape, such as shown in
connection with the first to fifth embodiments, formed  along, an extended
length. This makes it possible to grind the cutting edge again and again
and use the blade for a longer period. Fig. 9 shows the cutting method of a
seventh embodiment of the invention. In the  cutting method of this
embodiment, in an upstream step prior to scribing, the deposited film  0
-22- la is shaved and removed in the same manner as in one of the first to
sixth embodiments  described above. Specifically, in the first to sixth
embodiments, as shown in Fig. 3, the  deposited film la is cut, shaved, and
removed so as to form a shaved groove 5 in the  deposited film la, and then
a scribing means is made to roll along the bottom 1c of the shaved 



5 groove 5, i.e. along a strip-shaped region on the glass substrate 1, while
pressing it so as to  form a scribed line 5a. In the seventh embodiment, the
glass substrate is cut apart by  scribing the surface thereof opposite to
the film-deposited surface thereof As shown in Fig. 9, the glass substrate I
is secured on the workpiece  stage 3 by an  unillustrated securing means
such as vacuum chucking, In the workpiece  stage 3, an  10 elongate opening
3a is formed to permit the scribing means 4 to scribe the bottom surface of
the glass substrate 1. In this embodiment, a scribed line 5c is formed on
the bottom surface  of the glass substrate 1, fight below the bottom Ic of
the shaved groove 5 formed on the top  surface of the glass substrate I by
one of the methods described in connection with the first to  sixth
embodiments. 15 In the glass substrate cutting step following the scribing
step, a pressing force is  applied to the surface opposite to that on which
the scribed line is formed so that the crack in  the scribed line develops
until the glass substrate breaks apart- In methods in which scribing  is
performed on the bottom I c of the shaved groove 5 formed in the deposited
film I a, in the  cutting step following the scribing step, it is necessary
to apply a pressing force and cut the 20 glass substrate from below the
surface thereof opposite to the scribed surface. Thus, for  example, in
methods in which the scribed surface, i.e., the film-deposited surface, of
the glass  substrate is placed directly on the surface plate and a load is
applied thereto from above by a  press or roller, the pressing force applied
to cut apart the glass substrate may destroy or  deform the deposited film
layer placed directly on the workpiece stage. By contrast, in the -23
cutting method of the seventh embodiment, a pressing force exerted by a
plate-shaped  pressing jig or a roller adapted to the shape and dimensions
of the shaved groove 5 can be  applied in the direction indicated by an
arrow B so as to concentrate on the bottom I c of the  shaved groove Ic
shown in Fig. 9. This permits the scribed line 5c to develop vertically to 



5 achieve cutting. Thus, it is possible to cut apart the glass substrate
without pressing or  touching the deposited film Ia. Figs.~ 10 to 13 show
the cutting method of an eighth embodiment of the invention.  This
embodiment is devised to achieve satisfactory shaving and removal of a
deposited film  before scribing when dealing with a glass substrate having a
relatively thick deposited film, 10 about 0.05 mm to 2 mm thick, typically
such as a resin film, formed thereon. Here, the  advantages of the shaving
cutters used in the first and second embodiments are combined  together;
specifically, the shape of the cutting edge used in the first or second
embodiment is  formed out of a round-bar-shaped  material. This permits the
deposited film to be shaved  with better results. 15 Fig. 10 shows a front
view and a side view of the shaving cutter 62 used in this  embodiment. A
round-bar-shaped material, such as superhard alloy or carbon tool steel, is
formed into the shape of the shaving cutter. The external diameter di of the
round-bar - shaped material is determined appropriately according to the
thickness of the deposited film to  be shaved, and is typically 5 to 10 mm.
The symbol F represents a flat holder portion that is 20 formed by cutting
away a portion of the circumference d I parallel thereto as shown in Fig 10.
The holder portion serves as a reference surface relative to which other
portions are formed,  and also serves a function similar to that of the
holder portion 52b shown in Fig. 8. The total  length L3) of the shaving
cutter 62 is so determined as to fit the member by which it is held  and the
apparatus on which it is used, and is set equal to 35 min in this
embodiment. As -24- shown in the front view of Fig. 10, a shaving blade
having a substantially V-shaped cross  section with an opening angle of On
is formed from an end surface of the shaving cutter 62  over a length L4.
The value of On will be discussed in detail later. The blade length L4 is
determined in the range of from 5 to 10 mm according to the material and
thickness of the 



5 deposited film to be shaved, and is set equal to 7 mm in this embodiment.
The portion of the  blade groove located on the right of the portion "i"
shown in the figure is formed as an arc- shaped groove with a mild curve R3,
and serves to smoothly eject the linear waste strip lb  that has been shaved
off In this embodiment, R3 is set equal to 39 mm. The curve R4 of  the
bottom of the blade having a V-shaped cross section is determined in the
range from about 10 0.5 to I mm according to the material and thickness of
the deposited film and the dimensions  of the scribing cutter. In this
embodiment, R4 is set equal to 0.5 mm. The cutting edge  needs to be
designed to shave and remove the deposited film completely, and is therefore
so  formed as to have tip angles 07 and 08 in two stages. In Figs. 10 and
13, t1 represents the  distance from the cutting edge to the boundary
between 07 and 08- The details are shown in 15 a view seen from the
direction C in Fig. 12. In this embodiment, t1 is set equal to 0. 1 mm,  07
is set equal to 301, and 09 is set equal to 40'. By setting t1 equal to as
small as about 0.3 mm, it is possible to set the effective tip angle 07
relatively small, i.e., equal to 30', to achieve  satisfactory shaving
performance while setting the tip angle 08 in the cutting edge-portion t1
equal to 40' to secure sufficient mechanical strength at the cutting edge of
the shaving cutter  20 62. Next, the workings of the eighth embodiment will
be described with the focus placed  on what is illustrated in the figures.
Fig. I I shows how a deposited film 1a formed on a glass  substrate I is
shaved and removed by a shaving cutter 62. The angle 09 at which the shaving
cutter is arranged relative to the glass substrate corresponds to the rake
angle with which -25- cutting and shaving are performed, and is determined
appropriately in the range of from 35  to 45 according to the thickness and
material of the deposited film. In this embodiment,  when this angle was set
equal to 43, a I mm-thick rubber-based deposited film was cut and  shaved
with satisfactory results. Fig. 11 shows how the shaving cutter 62, while
moving in 



5 the direction H, cuts and shaves the deposited film la. The waste strip lb
shaved off is  smoothly ejected along an arc-shaped groove marked as G in
Fig. 10. The pressing force  with which the shaving cutter 62 is pressed
vertically downward against the surface of the glass substrate 1 is about 1
to 40 N. A stronger pressing force produces a scratch on the glass surface
below the deposited film, which adversely affects scribing. 10 Now, a
description will be given of On shown in Fig. 10 with reference to Fig. 12,
which is an enlarged front view of the shaving cutter 62. The opening angle
03 formed by  the cutting edge of the shaving cutter 62 is determined in the
range of from 50 to 140  according to the tip angle of the scribing cutter.
The opening angle 04 measured at a  distance of 3 to 10 mm from the cutting
edge is made smaller than 03 by an angle in the range 15 of from 3 to 6. The
purpose and advantage of making 04 smaller than 03 will be described  with
reference to Fig. 13. Fig. 13 is a sectional view of the cutting edge of the
shaving cutter  62 shown in Fig. 12, taken along line m-n, as seen from
above. With 04 smaller than 03,  when the shaving cutter 62 moves in the
direction K to cut and shave the deposited film la, it  forms an angle 52
relative to the cutting direction. The presence of this angle 52 serves to
20 increase what is called the shear angle in the theory of cutting, and
thereby permits the  deposited film to be cut and shaved with better
results. In experiments, a 1 mm-thick resin  deposited film was cut and
shaved with far higher cutting/shaving workability and cutting  quality than
when no 52 was present, i.e., when 03 and 04 were set equal. In this
embodiment, for example, when 04 was set equal to 80 and 03 was set equal to
84, i.e., with -26- 84 smaller than 83 by 4, the deposited film was cut with
the best results, and, as describe  above, almost comparably satisfactory
cutting quality was obtained when 84 was made  smaller than 83 by an angle
in the range of from 3 to 6. The improvement of cutting  quality achieved by
making the opening angle 84, at a distance from the tip of the shaving 



5 cutter, smaller than the opening angle 83, at the tip of the shaving
cutter, was observed  markedly with a resin or rubber-based deposited film
0.5 mm or more thick. In Fig. 10, 51 indicates that the cutting edge is not
perpendicular to the circumference  of the shaving cutter 62, but is
slightly inclined inward from top to bottom as seen in the  figure. This
means that making 83 smaller than 84 results in producing 81. On the other
10 hand, in Fig. 12, 85 and 86 are shown in a sectional view of and around
the cutting edge as  seen from the direction C. This means that, for
example, when 83 is set equal to 84 and 84  is set equal to 80, even if 87
is set equal to 30 and 88 is set equal to 40 in Figs. 10 and 12,  85 is
equal to about 22 and 06 is equal to about 31. As described earlier, the
shaving cutter 62 is produced by forming a heat-treatable  15 material such
as superhard alloy or carbon tool steel into its shape and then subjecting
it to  heat treatment either only at the cutting edge or in entirety. The
eighth embodiment is  characterized by the shape of the shaving cutter used
to shave the deposited film and by how  it is shaved, and the scribing step
following the shaving step is performed by the method  exemplified by the
first embodiment or the method of the seventh embodiment. 20 Next, as a
ninth embodiment of the invention, a cutting apparatus employing the
cutting methods of the first to eighth embodiments will be described. Fig.
14 is a diagram  illustrating the front face of the cutting apparatus
employing the cutting methods of the first to  eighth embodiments. Reference
numeral 66 represents a scribing unit that has a scribing  cutter and/or a
shaving cutter provided at the bottom. The scribing unit 66 moves the -27-
scribing cutter and the shaving cutter from side to side as seen in the
figure along a guide rail  67 composed of a well-known ball slide or the
like while pressing them with a predetermined  load against a glass
substrate I by the use of an unillustrated well-known pressing means
exploiting hydraulic pressure, compressed air pressure, the resilience of a
spring, or the like. 



5 In the example shown in Fig. 14, pan of the scribing unit 66 is fixed to a
timing belt 65. As  an unillustrated driving means such as a motor rotates a
pulley 64, the timing belt 65, passed  around the pulley 64, travels a
desired distance along the guide rail 67. In the diagram, the  scribing unit
66 is driven by the timing belt; however, it may be driven by a combination
of  an well-known actuating means such as a ball screw and a motor and a
controller that drive it. 10 A chassis 60, a workpiece stage 63, and a
support stand 63a are formed integrally. In  the workpiece stage 63, suction
holes are formed vertically at appropriate places to permit the  glass
substrate I to be secured on the top surface of the workpiece stage 63 by an
unillustrated  securing means such as vacuum chucking- The workpiece stage
63 and the support stand  63a are rotatable through 90' as seen from above
or below Fig. 14 by the action of a rotating 15 means housed inside the
chassis 60. A C-shaped movable block 200 strides over the top face  of the
chassis 60, and is moved frontward or backward as seen in the figure over a
desired  distance at a time relative to the chassis 60 by an unillustrated
driving means such as a motor  and an unillustrated controlling means. As
described above, in the cutting apparatus of this  embodiment, the sliding
movement of the scribing unit 66 and the 90' rotation of the 20 workpiece
stage 63 permit the glass substrate I to be scribed in the X and Y
directions, i.e., in  a grid-like pattern Fig. 15 is a diagram showing in
detail the structure of the scribing unit 66 shown in  Fig. 14. A unit base
plate 71 engages with the timing belt 65 and the guide rail 67 shown in
Fig. 14 to permit the entire scribing unit 66 to slide. A joint 74 joins the
unit base plate 71 to -28- a scribing base plate 75. The rear portion 74b of
the joint 74 is fixed integrally to the unit  base plate 71 with screws or
the like put through the unit base plate 71 from behind it. The  front
portion 74a and the rear portion 74b of the joint 74, together with the
scribing base plate  75 fixed integrally to the front portion 74a, can slide
up and down by the action of a sliding 



5 means such as a dovetail joint as shown in the figure or a well-known
sliding means such as a  ball slide. The front portion 74a of the joint 74
arid the scribing base plate 75 joined  integrally thereto are kept pulled
upward relative to the unit base plate 71 all the time by the  tension
exerted by unillustrated coil springs. The upward tension is stopped by the
tip of a  micrometer screw 72 fixed through a micrometer fitting block 7' )
to the unit base plate 7 1. 10 The micrometer screw 72 is used to
fine-adjust and appropriately set the vertical position of  the entire unit
including the scribing base plate 75 and the vertical position of the tip of
the  shaving means and the scribing means described later. On the scribing
base plate 75, there are supported a shaving block 81 and a scribing  block
82, both substantially L-shaped, so as to be coaxially rotatable about a
rotation shaft 83.  15 On the scribing base plate 75, there is fixed a
support block 76, with which adjustment screws 76a and 76b are
screw-engaged, each having a hook formed at the tip. From these hooks,  coil
springs 77a and 77b are stretched to spring end screws 78a and 78b that are
screwed into  the top of the shaving block 81 and the scribing block 82,
respectively. In this structure, the  shaving block 81 and the scribing
block 82 are all the time loaded with a force that tends to 20 rotate them
counter-clockwise about the rotation shaft 83 as seen from the front
right-hand  side of Fig, 15. That is, the shaving means 202 and the scribing
means 14 are pressed  downward all the time. This counter-clockwise rotation
is stopped by contact between the  tips of stopper screws 80a and 80b
screw-engaged with the vertical arm portions of the  shaving block 81 and
the scribing block 82 and tips 79a and 79b formed on a stopper/pressing -29-
means 79 fixed to the scribing base plate 75. While the shaving means 202 is
pressed  downward with a pressing force of about 10 to 20 N, the scribing
means 14 is pressed  downward with a pressing force of about I to 40 N; that
is, they are pressed downward with  different pressing forces. Therefore,
the coil springs 77a and 77b are individually set at 



5 tensions that produce appropriate loads for them. The tensions are
fine-adjusted by screwing  the adjustment screws 76a and 76b into and out of
the support block 76. A deposited film  surface detecting means 84, by
extending a spindle integral with a detector fitted at the tip  thereof and
by the use of a well-known electrical detecting means such as a linear scale
or  differential transformer, detects the vertical position of the deposited
film formed on the glass 10 substrate as an electric signal by way of an
unillustrated signal cable. The tip 84a of the  detecting means 84 for
detecting the deposited film surface is formed as a roller made of resin
such as nylon or Teflon (R), and the detector operates with a sensing force
as low as 0.2 N  (newton) or lower so as not to scratch or deform the
surface of the deposited film Ia. Fig.  16(a) is a plan view showing the
main components shown in Fig. 15, such as the shaving 15 block 81, the
scribing block 82, the shaving means 202 serving as a glass substrate
exposing  means, the scribing means 14, and the deposited film surface
detecting means 84, as seen  from above. This figure shows that, as the
result of the deposited film detecting means 84,  the shaving means 202, and
the scribing means 14 being arranged in a row, it is possible to  shave the
deposited film Ia and scribe the top surface of the glass substrate I
simultaneously  20 as the scribing unit 66 is moved along one path. Next,
the operation and workings of the cutting apparatus of a ninth embodiment of
the invention will be described. Fig. 17 is a front view showing the cutting
apparatus of Fig,  14 in a state in which the scribing unit 66 is located in
the leftmost, stand-by position, i.e., the  detecting tip 84a of the
deposited film surface detecting means 84, the shaving means 202, -30- and
the scribing means 14 are all located away from the top surface of the glass
substrate 1.  In this state, the shaving block 81 and the scribing block 82
are loaded with a force that tends  to rotate them counter-clockwise about
the rotation shaft 83 by the tension of the coil springs  77a and 77b, but
this counter-clockwise rotation is stopped by the tips of the stopper screws



5 80a and 80b making contact with the tips 79a and 79b of the
stopper/pressing means 79, and  thus the shaving block 81 and the scribing
block 82 remain at rest. The cutting apparatus  operates as follows. First,
in response to the first movement command signal, the scribing  unit 66
moves in the direction indicated by an arrow M in Fig. 17. As the shaving
block 8 1  moves rightward, the detecting tip 84a of the deposited film
surface detecting means 84 runs 10 onto the glass substrate I and detects
the position of the surface of the deposited film Ia.  Then, the air
cylinder provided in the stopper/pressing means 79 extends, and its tip 79a
presses the stopper screw 80 to a predetermined degree so that the tip of
the shaving means  202 is so controlled as to reach the glass surface on the
basis of the thickness of the deposited  film Ia on the glass substrate I as
corrected according to the result of detection by the 15 detecting means 84.
When the scribing unit 66 moves over a distance L5 shown in Fig. 17,  the
shaving means 202 starts cutting and shaving the deposited film Ia. W hen
the scribing  unit 66 further moves and completes a distance L6 shown in
Fig. 17, the cutter wheel 14a at  the tip of the scribing means 14 runs onto
the top surface of the glass substrate I where the  deposited film Ia has
been shaved off. The scribing block 82 is loaded with a force that 20 tends
to rotate it counter-clockwise  by the tension of the coil spring 77b, and
thus the cutter  wheel l4a exerts, at its tip, a predetermined pressing
force acting downward. This pressing  force permits scribing of the top
surface of the glass substrate 1. Fig. 18 shows how the  shaving means 202
shaves the deposited film Ia and how the scribing means 14 scribes the  top
surface of the exposed glass substrate I where the deposited film 1 a has
been shaved off -31  As described earlier, the cutter wheel 14a at the tip
of the scribing means 14 is formed as a  roller like the tip of the
detecting means 84a, and does not require the detection of the surface
position of the glass substrate I or the adjustment of the vertical position
of the tip of the  cutting wheel 14a as does the shaving means 202. Thus,
scribing of the top surface of the 



5 glass substrate I is achieved simply by moving the cutter wheel 14a,
formed as a roller, while  pressing it downward. Accordingly, in the state
shown in Fig. 18, the tip 79b of the  stopper/pressing means 79 for rotating
the scribing block 82 clockwise is not operating. In Figs. 17 and 18, there
is shown an example of a dust removing means 85 The  dust removing means 95
is a hose made of soft resin or rubber, and is flexibly movable  10 together
with the scribing unit 66. The dust removing means 85 has its opening
located near the shaving means 202 and the scribing means 14, and serves to
remove particulate dust  produced during shaving and scribing by the use of
a negative pressure supplying means such  as vacuum. Depending on the
particle size and the amount of particulate dust produced, a  positive
pressure supplying means such as sprayed air may be used instead. The
deposited 15 film that has been shaved off can be removed by a removing
means, like G shown in Fig. 10,  provided in the shaving means 202. For the
removal of fine shavings, a brush-like remover  may be provided immediately
behind the shaving means 202. In Fig. 18, when the scribing unit 66 further
moves until the detecting tip 84a of the  detecting means 84 falls below the
surface position of the deposited film la, a signal  20 indicating the end
of the scribing step is generated. From this time point, the scribing unit
66 further moves over a distance longer than the distance between the
detecting tip 84a and  the tip of the shaving means 202, Le., the dimension
L5 shown in Fi,-. 17. After completion  of shaving, the tip 79a of the
stopper/pressing means 79 further extends its air cylinder under  the
control of an unillustrated controlling means so that the shaving means 202
is moved -32- upward, away from the surface of the glass substrate 1. The
scribing means 14 needs to be  controlled in a similar manner. As with the
shaving means, the scribing means 14 may be  released upward after the
scribing unit 66 has moved over a distance corresponding to the  distance L6
between the detecting tip 84a and the cutter wheel 14a shown in Fig. 17. 



5 However, the tip 79b of the stopper/pressing means 79 is kept away from
the tip of the  stopper screw 80b during scribing, and the tip 79b marces
contact with the tip of the stopper  screw 80b under the tension of the coil
spring 77b as soon as the cutter wheel l4a falls below  the top surface of
the glass substrate I on completion of scribing. Thus, this may be used to
turn on an electric contact to extend an air cylinder and thereby release
the scribing means 14 10 to above the glass substrate. The latter method is
technically simpler. After, in this way,  the deposited film la is shaved
and the surface of the glass substrate I is scribed where the  deposited
film la has been shaved, the scribing unit 66 is moved back to the stand-by
position  with the shaving means 202 and the scribing means 14 lifted up so
as not to interfere with the  glass substrate. Thereafter, as the movable
block 200 described with reference to Fig. 14 is 15 moved frontward or
backward over a desired distance at a time, shaving and scribing are
repeated. In this way, the glass substrate having a deposited film formed
thereon can be  scribed into strip-shaped  sections arranged at desired
intervals. Then, the workpiece stage  63 described with reference to Fig. 14
is rotated through 90' and similar steps are performed  to scribe the
film-deposited glass substrate into a grid-Eke pattern. 20 The shaving of
the deposited film in a grid-like pattern from a film-deposited glass
substrate and the scribing thereof in a grid-like pattern can be achieved
also by exploiting the  facts, described earlier with reference to Fig. 14,
that the scribing unit 66 moves from side to  side, as seen in Fig. 14, and
that the movable block 200 moves back and forth, as seen in Fig  14. The
workpiece stage 63 may be so structured as to move back and forth as seen in
Fig -33  14. In that case, the scribing means and the shaving means fitted
at the bottom of the  scribing unit 66 shown in Fig. 14 needs to be so
structured as to be integrally rotatable  through 90' relative to the glass
substrate surface. Specifically, a structure like that of the  movable unit
410 shown in Fig. 41, which shows the eighteenth to twenty-first embodiments



5 described later, is adopted, In the movable unit 410 shown in Fig, 41,
reference numeral 4330  represents a combination of two wheel cutters
arranged so as to face each other for cutting a  polarizer plate. By
adopting this integrated structure, with the two wheel cutters replaced
with a single cutter wheel for scribing, and with 460 replaced with a
shaving means, it is  possible to add the above-mentioned capability of 90'
rotation. Furthermore, by adding the 10 capability of 190' rotation, it is
possible to remove the deposited film and scribe in both of the  X and Y
directions. The shaving means 202 and the scribing means 14 start and stop
shaving and scribing,  respectively, with different timing. When, after
shaving and scribing are complete, the  scribing unit 66 returns to the
stand-by position, the shaving means 202 and the scribing 15 means 14 need
to be released by being lifted up so as not to make contact or interfere
with the  glass substrate. Thus, the air cylinder that is provided in the
stopper/pressing means 79 and  of which the degree and timing of extension
are controlled by an unillustrated controller needs  to be provided
separately at two different places to individually actuate the tip 79a for
the  shaving block and the tip 79b for the scribing block. In the ninth
embodiment, as shown in 20 Fig. 18, the shaving means 202 has the shaving
cutter described in connection with the first  embodiment fixed to the
shaving block with cutter fitting screws 86. However, any of the  shaving
cutters used in the cutting methods described in connection with the first
to sixth and  eighth embodiments may be applied to the cutting apparatus of
this embodiment. When the  deposited film la is shaved, the tip of the
shaving means 202 needs to be accurately -34- positioned at the surface of
the glass substrate 1. The vertical position of each tip can be set
appropriately by screwing in or out the corresponding one of the stopper
screws 80a or 80b.  The vertical position of the tip of the shaving means
202 requires the finest positioning, and this tip needs to be positioned at
the top surface of the glass substrate I immediately before  



5 the shaving step is started. Ultimately, the position of the tip is
adjusted accurately by adjusting the micrometer screw 72. After the
stopper,screw  80 has been screwed in and out  for adjustment, it is fixed
with a nut 203. Moreover, in the ninth embodiment, as shown in  Fig. 18, the
shaving means 202 is fixed by being screwed into a groove formed in the
shaving  block 81. However, the cutting angle of the shaving means relative
to the glass substrate 10 surface may be made adjustable. Specifically,
though not illustrated, this is achieved by  separating the horizontal arm
portion of the shaving block 81 so that its portion somewhat  closer to the
shaving means 202 than its own center is loosely fixed so as to be rotatable
about  a rotation shaft, and providing a mechanism that permits this portion
to be clamped with a  clamping means after the angle with which the shaving
means 202 shaves the deposited film  15 1 a is adjusted to the optimum
angle. Next, the cutting apparatus of a tenth embodiment of the invention
will be described.  In the ninth embodiment, as shown in Fig. 16(a), the
shaving means 202 and the scribing  means 14 are arranged in a row with
respect to the direction in which the scribing unit moves,  so that shaving
of the deposited film and scribing are performed simultaneously as the 20
scribing unit is moved along one path. In the tenth embodiment, the shaving
means 202 and  the scribing means 14 are arranged at an interval equal to
the intervals at which scribing is  performed to form strip-shaped sections.
Fig. 16(b) shows the positional relationship  between the shaving block 81'
and the scribing block 82' as seen in a plan view in this  embodiment. -35
If it is assumed that the scribing unit moves in the direction indicated by
an arrow in Fig.  16(b) as scribing is performed to form strip-shaped
sections, then the shaving block 81' needs  to be disposed at the front in
the movement direction so that the shaving step is performed  first. The
interval Si between the shaving means 202 and the scribing means 14 is
adjusted, 



5 as by adjusting the thickness of a spacer 204, to the intervals, i.e., the
pitch, at which scribing is performed to form strip-shaped sections. Thus,
this embodiment is the same as the ninth embodiment in that both shaving of
the deposited film and scribing are performed as the  scribing unit is moved
along one path, but is different therefrom in that the scribing unit  moves
across a distance corresponding to the pitch to a groove where the shaving
of the 10 deposited film is already complete and then performs scribing
along that groove. When a  large-format glass substrate is scribed at a
predetermined pitch, this embodiment requires the  scribing unit to be moved
two more times than does the ninth embodiment. However, as  compared with
the ninth embodiment, here, it is not necessary to extend the cutting
apparatus  in the direction in which the scribing unit moves, and this helps
make the cutting apparatus 15 compact in its width direction. Moreover, it
is possible to dispose an appropriate waste  shaving removing means with
ample space at the rear in the movement direction of the  shaving means 202,
and this helps alleviate the effects of waste shavings that are left in the
shaved grooves during scribing. In other respects, the cutting apparatus of
this embodiment  has basically the same structure as that of the ninth
embodiment, and therefore overlapping  20 explanations will not be repeated.
The glass substrate cutting method and apparatus of an eleventh embodiment
of the  invention will be described below with reference to Fig. 19. In the
ninth embodiment, a  detecting means for detecting an electric signal, which
serves as a means for positioning the  tip of the shaving cutter accurately
at the top surface of the glass substrate at the start of the -36- shaving
step, is provided at the front of the shaving means in order to detect the
position of  the top surface of the deposited film, then correct the
thickness of the deposited film by a  controlling means such as programmable
control, and then position the tip of the shaving  means at the top surface
of the glass substrate. However, with a deposited film la Imm or 



5 more thick, variations in its thickness and other factors may cause the
tip of the shaving  means to be positioned above the glass substrate
surface, leading to insufficient shaving of the  deposited film, with the
deposited film left at the bottom of the shaved groove, or may cause  the
tip of the shaving means to be positioned below the glass substrate surface,
leading to  interference of the tip of the shaving means with the edge of
the glass substrate and, in the 10 worst case, even to the destruction of
the scribing unit. This problem is likely to arise  especially at the edge
of the glass substrate, i.e., when the deposited film la starts being
shaved. The eleventh embodiment is devised to overcome this problem.
Specifically, a  clearance portion (non-film-deposite d portion) is formed
along the edges of a large-format  glass substrate to be shaved, and, when
the glass substrate is cut apart, the non-film-deposited  15 portion is
discarded. In the method shown in Fi,-. 19(a), a clearance portion S, where
no  deposited film is formed, is formed along the edges of a large-format
glass substrate, i.e., the  raw material. The dimension S varies according
to the thickness of the deposited film and  the control ability of the
cutting apparatus, and is set equal to, for example, 2 to 10 mm. In  this
method, first, the tip of the shaving means is brought into contact with the
glass surface 20 within the portion S having the dimension S, and then the
scribing unit is moved. Variations  in the control of the tip of the shaving
cutter are absorbed within the dimension S so that the  tip is securely
brought into contact with the glass substrate surface, and the deposited
film can  be shaved with a margin secured from the edge of the deposited
film. In the method shown  in Fig. 19(b), instead of removing the deposited
film in a clearance portion S beforehand, the -37- fact that the deposited
film is shaved with the tip of the shaving means loaded with a  downward
pressing force of about I to 40 N is exploited. The tip of the shaving means
starts  shaving the deposited film from a point near the edge of the
film-deposited glass at the left of  the figure, and then reaches the glass
substrate surface within the portion S' while describing 



5 a curve R5 as shown in the figure- Part of the deposited film is left in
the hatched portion in  the figure, and therefore the portion S' is
discarded when the glass substrate is cut apart. If  Fig. 19(b) is assumed
to show scribing in the Y direction, then it shows how, after shaving  and
scribing have been performed in the X direction to form the shaved groove 5,
shaving and  scribing are performed in similar manners in a direction 90'
apart therefrom to form a grid 10 like pattern. In this embodiment, when the
glass substrate is scribed into a grid-like pattern,  it is necessary to
form the clearance portion S or S' all around the edges in both of the
methods (a) and (b). SI and S2 represent the pitch at which scribing is
performed to form  strip-shaped  sections, and are usually set equal to each
other. The eleventh embodiment applies to both a cutting method and a
cutting apparatus as  15 described above. In a method for scribing a
film-deposited glass, even in an extreme case in  which the deposited film
is shaved manually, there arises the problem of the deposited film  being
left unshaved at the edges of a large-format glass substrate before scribing
and cutting.  This problem is overcome by forming a non-film-deposited
portion along the edges as  described in the eleventh embodiment. On the
other hand, in the cutting apparatus of the 20 ninth embodiment, the tip of
the shaving means is positioned at the glass surface of the glass  substrate
at the start of shaving by detecting the position of the surface of the
deposited film  by the use of a detecting means, then correctin.- the
thickness of the deposited film, and then  setting the vertical position of
the tip of the shaving means at the start of shaving. This,  however, is
difficult to realize with satisfactory accuracy when there are large
variations in the -3g thickness of the deposited film. This problem also is
solved by forming a non-film- deposited portion along the edges of the glass
substrate as in the eleventh embodiment. This  greatly alleviates the burden
on the design and construction of the cutting apparatus. Fig. 20 is a
diagram illustrating the principles of the cutting apparatus of a twelfth  



5 embodiment of the invention. In this embodiment, the cutting method of the
seventh  embodiment described earlier with reference to Fig. 9' is applied
to a cutting apparatus. In  the cutting apparatus of this embodiment, as
shown in Fig. 20(a), in the workpiece stage 3,  there are formed a plurality
of negative pressure supplying paths 209 in an appropriate  arrangement to
permit the glass substrate 1 to be secured by an unillustrated negative
pressure 10 supplying means such as vacuum, and there are also formed
elongate openings 3a at intervals  corresponding to the pitch of scribing to
permit the scribing means 4 to scribe the glass  substrate 1 from below the
bottom surface thereof. In the cutting apparatus of this  embodiment, the
tip of the shaving means for shaving the deposited film I a formed on the
glass substrate 1 and the tip of the scribing means 4 are located on a
vertical line as seen from 15 the direction of their movement, and move
together. Thus, a scribed line 5c is formed right  below the shaved groove 5
formed by the shaving means. In this embodiment, cutting needs  to be
performed, in the glass substrate cutting step after scribing, along the
shaved groove 5  formed in the deposited film. Thus, as shown in Fig. 20(a),
the cutter wheel 4a at the tip of  the scribing means 4 needs to be located,
as described above, vertically right below the shaved 20 groove 5 as seen
from the direction of its movement, but not so accurately in the
frontward/backward direction, i.e., in the direction of the movement of the
cutter. The glass  substrate needs to be scribed with a load of about 10 N
applied thereto, depending on the  thickness of the glass. Thus, in a
cutting apparatus in which the glass substrate is scribed  from below, the
upward pressing force exerted by the scribing means 4 may cause the glass
-39- substrate 1 to come off the chucking means provided on the workpiece
stage 3. To prevent  this, a balance wheel 205 shown in Fig. 20(a) for
balancing with the load is disposed  immediately at the rear of the shaving
means in the direction of its movement. The balance  wheel 205 has, at its
tip, a freely rolling wheel having substantially the same dimensions and 



5 shape as the cutter wheel 4a mmediately at the rear of the shaving means
so as to move  as if following the shaving means while applying a pressing
force P2 that balances with the  scribing load P1. Using a weight-shaped
load applying means to apply a load directly to the 10 film-deposited
surface to reinforce the force with which the glass substrate is secured may
destroy or scratch the protective film. By contrast, in this embodiment, at
the same time that  the glass substrate is scribed from below the bottom
surface thereof, the load balance wheel,  loaded with the desired pressing
force, is made to roll along the bottom of the shaved groove  formed on the
top surface of the glass substrate by the shaving means shaving the film 15
deposited surface. This makes it possible to perform scribing with the glass
substrate stably  secured, without the risk of touching and thereby
scratching or otherwise damaging the  deposited film I a. In Fig. 20(a), the
shaving means is omitted. After scribing, the glass is cut apart (separated)
by applying a load from below the  surface opposite to the scribed surface
so as to develop the crack in the scribed line.  20 Accordingly, in the
ninth to eleventh embodiments, a scribed line is formed along the bottom of
the shaved groove 5, and a load is applied from below the surface opposite
to the film- deposited surface to achieve cutting. By contrast, in the
twelfth embodiment, at the same  time that scribing is performed on the
bottom surface of the glass substrate, the deposited film  right above the
scribed line is shaved to form a shaved groove having a cross section with
the -40- desired dimensions and shape. Then, as shown in Fig. 20(b), a wire
207 formed of resin,  such as urethane, or metal and having appropriate
dimensions is laid in the shaved groove 5  right above the scribed line 5c,
and a roller 206 having, at its tip, a groove that moderately  engages with
the wire is placed on the wire so as to roll along it while applying,
through the 5 wire, a load P3 of 50 to 200 N In this way, it is possible to
realize a cutting apparatus that  permits the shaving of a deposited film
from a glass substrate and the scribing and cutting of  



the glass substrate without reversing the glass substrate. Reference numeral
208 represents a  cushion material used at the time of cutting. In this
embodiment, the cleaving of glass after  scribing may be integrated into a
cutting apparatus provided additionally with a cleaving 10 function which is
capable of both scribing and cleaving, or glass may be first scribed on a
cutting apparatus and then cleaved on a cleaving machine. In this
embodiment, in any of the  steps from the scribing to cutting of the glass
substrate, including the securing thereof on the  apparatus, there is no
need at all to touch or press the film-deposited surface. This makes it
possible to maintain and protect the quality of the deposited film. Instead
of the roller 206, a 15 plate-shaped pressing member that positionally fits
the bottom of the shaved groove 5 may be  used to achieve cutting. Figs. 21
and 22 show a thirteenth embodiment of the invention. This embodiment is
characterized in that, in principle, the step of shaving the deposited film
and the step of  scribing are performed as separate steps, and that, in the
step of scribing, which is the 20 downstream step, waste portions I I c are
formed on the film-deposited surface so that the  glass substrate is
supported, at the waste portions I I c formed on the film-deposited surface
thereof, on projections 13a formed on the workpiece  stage shown in Fig. 22.
Fig. 21 illustrates how the deposited film I I a is shaved in such a way as
to separate  product portions, which are to be used as products such as
liquid crystal display devices, and -41- waste portions. Fig- 22 shows how
scribing is performed on the opposite surface of the glass  substrate, fight
below (in the positional relationship shown in Fig. 22, right above) the
shaved  groove, after the deposited film I la is shaved in Fig 2 1. Now, the
workings and other features of this embodiment will be described with  5
reference to what is shown in the figures. The glass substrate 11, like the
ones used in the  embodiments described above, has a deposited film I I a
formed on one surface thereof In  



the workpiece stage 3, there are formed a plurality of suction paths 6 at a
predetermined pitch  to permit the glass substrate I I to be secured by a
negative pressure supplying means such as  vacuum. From and relative to one
edge, indicated as A, of the glass substrate 11, shaved 10 grooves 15 are
formed by an unillustrated shaving cutter at pitches corresponding to the
width-direction dimensions of the waste portions I Ic and the product
portions 1 ld. How the  shaved grooves 15 are formed is the same as in the
first and second embodiments, and  therefore detailed explanations will not
be repeated. The dimensions of the waste portions  I Ic are determined
according to the thicknesses of the glass substrate and the deposited film
15 11 a and the conditions related to mechanical strength such as the
dimensions of the product  portions I Id and the dimensions of the suction
paths 16 shown in Fig. 22. The waste  portions 11, which will eventually be
discarded, should be made as small as possible.  However, in the step of
breaking (cutting) the glass substrate, in a case where it is cut apart by
applying a load to the surface opposite to the scribed surface, if the waste
portions are made 20 too small as compared with the thickness of the glass
substrate 11, it may be difficult to  perform cutting. This needs to be
taken into consideration when the dimensions of the waste  portions are
determined, while seeing to it that they are larger than the minimum
required  dimensions of the workpiece stage projections 13a shown in Fig. 22
and described later. The  dimensions of the product portions 11 d are
determined according to the size of the products, -42- such as liquid
crystal display devices, with finishing margins added thereto. Fig. 22
illustrates how, after the shaving step shown in Fig. 21, the glass
substrate 11  is turned upside down and secured on the workpiece stage 13 so
that the surface opposite to  the shaved surface is scribed. In this
embodiment, the workpiece stage 13 used to perform 5 scribing is different
from the workpiece stage 3 shown in Fig. 21, and has projections 13a and
recesses 13b arranged, as shown in the figure, alternatively in positions
corresponding to the  



dimensions and pitch of the waste portions formed in the shaving step. The
top surfaces of  the projections 13a are level, and securely support the
film-deposited-surface side of the waste  portions llc shown in Fig. 21 from
which the deposited film Ila has been shaved and 10 removed, Here, secure
supporting is achieved through the suction paths 16 by the same  negative
pressure supplying means as used conventionally. In this state, scribed
lines are  formed by a scribing cutter 4 right above, as seen in the
positional relationship shown in Fig.  22, the shaved grooves 15 formed on
the glass substrate 11. Scribing right above the shaved  grooves 15 is
achieved as follows. Relative to the edge A, by the use of a combination of
a 15 well-known detecting means, such as an optical sensor, or a positioning
jig, a means for  driving the scribing cutter 4, such as a ball screw or a
timing belt driven by a servo motor, and  a controlling means, such as a
numerical controller, scribed lines can easily be formed at  desired places
on the opposite surface of the glass substrate corresponding to the places
where  the shaved grooves 1la shown in Fig. 21 are formed. The recesses 13b
help prevent the 20 film-deposited portions of the product portions l Id
from touching the workpiece stage and  thereby being scratched or destroyed.
In this embodiment, scribing is performed on the surface of the glass
substrate  opposite to the film-deposited surface. This makes it possible to
perform scribing without  being affected by the deposited film in the
scribing step. Moreover, the deposited film on -43  the surface opposite to
the scribed surface is shaved to form grooves at places corresponding  to
the scribed lines. Thus, even the step of breaking the glass substrate is
not affected by the  presence of the deposited film layer. This embodiment
is described above as a method in  which first the step of shaving the
deposited film is performed and then scribing is performed, 5 However,
since, as described above, it is easy to control where to form the shaved
grooves  15a and the scribed lines 15a by the use of the controlling means
mentioned above, it is also  



possible to perform the scribing step shown in Fig- 22 first. Next, a
fourteenth embodiment of the invention will be described with reference to
Fig.  23. The third embodiment described above deals with the shaving of a
deposited film and  10 scribing performed on a glass substrate having a
deposited film formed on one surface thereof This embodiments deals with a
cutting method for a glass substrate having deposited films  formed on both
surfaces thereof This embodiment is the same as the third embodiment in
that a glass substrate 21 is divided into waste portions 21c and product
portions 21d. A  workpiece stage 23 having projections 23)a and recesses 23b
formed at places dimensionally 15 corresponding to those portions is used in
both of the shaving and scribing steps. The  shaving of the deposited films
is performed, by the use of the workpiece stage 23 having the  projections
23a and the recesses 23b formed as shown in Fig. 23, by first shaving the
deposited film on one surface of the glass substrate having the deposited
films formed on both  surfaces thereof, and then turning the glass substrate
21 upside down and shaving the 20 deposited film on the opposite surface.
Vertical alignment of the places at which to form  shaved grooves and the
places at which to form scribed lines on both surfaces is achieved  easily
relative to the edge A by the use of the controlling means mentioned above,
In this  embodiment, it is possible to shave the deposited film on one
surface and then on the opposite  surface and then perform scribing on one
surface and then on the opposite surface; -44- alternatively, it is also
possible to shave the deposited film and then perform scribing on one
surface and then perform those two steps on the opposite surface. As
described above, in the embodiments described hereinbefore , strip-shaped
portions  of a deposited film as wide as necessary to form cracks are
removed, and then cracks for  5 cutting are formed along the exposed
strip-shaped regions on a glass substrate. In this way, it is possible to
realize a cutting method and a cutting' apparatus that permit the cutting of
a  



glass substrate having any type of deposited film formed thereon, from a
thin film such as an  overcoating film or transparent electrode to a film
such as a polarizer plate or a deposited film  up to I to 2 mm thick such as
a resin film or protective film, without being affected by the 10 presence
of the deposited film. It is to be understood that the present invention may
be  carried out in any other manner than specifically described above as
embodiments, and that  various variations and modifications are possible
within the scope of the invention. In the following part of the
specification, liquid crystal panels and apparatuses for  fabricating them
according to the invention will be described with reference to the drawings-
15 First, the liquid crystal panel of a fifteenth embodiment of the
invention will be described in detail. Fig- 24 is a perspective view showing
the appearance of the liquid crystal panel of the  fifteenth embodiment,
with the obverse side shown at (a) and the reverse side shown at (b),  and
Fig. 25 is a vertical sectional view of the liquid crystal panel. This
liquid crystal panel 350 is composed of a pair of substrate cells 351a and
351b  20 borided together with liquid crystal sealed in between (here, the
substrate cell 3 5 la is a TFT  substrate and will hereinafter be referred
to as the "TFT substrate cell" also, the substrate cell  '35 lb is a color
filter substrate and will hereinafter be referred to as the "color filter
substrate  cell" also). One end of the TFT substrate cell 351a protrudes
ftom one end of the color filter  substrate cell 351b to form a protruding
portion 351aa, and connection terminals 353 by way -45- of which the liquid
crystal panel is driven are formed on the inner surface of the protruding
portion 351aa. To these connection terminals 153 is connected an FPC
(flexible printed  circuit) or COG (chip on glass) that, when the liquid
crystal panel 350 is incorporated in a  liquid crystal display device,
receives electric signals and achieves display on the liquid  5 crystal
panel 350. The liquid crystal panel 350 is designed for use in a backlit
liquid crystal display  



device, and thus has polarizer plates 352a and 352b bonded to the outer
surfaces of the  substratecells  351a and 351b, respectively, almost all
overtheentire  areas thereof (here, the  polarizer plate 3 52a is located on
the side of the TFT substrate cell 3 5 1 a and will hereinafter 10 be
referred to as the "TFT-side polarizer plate cell" also, the polarizer plate
352b is located on  the side of the color filter substrate cell 351b and
will hereinafter be referred to as the color- filter-side polarizer  plate
cell" also). From the viewpoint of the functions required of the  polarizer
plates 352a and 352b, they simply have to cover the display area (not
shown), that is,  they have only to be made substantially equally large and
arranged so as to face each other 15 with the substrate cells 351a and 351b
sandwiched in between. In the liquid crystal panel  350 of this embodiment,
however, the TFT-side polarizer plate cell 352a is extended so as to  cover
the outer surface of the protruding portion 3 5 laa. The reason is as
follows. The substrate cells 3 5 1 a and 3 5 1 b constituting the liquid
crystal panel 3 50 are each  very thin, for example about 0.4 to 0.7 mm when
formed of glass. Thus, while they have  20 increased mechanical strength
where they are bonded together to have twice the thickness, i.e., over and
around the display area, the protruding portion 3 5 1 aa, where the TFT
substrate cell  3351a alone appears and is as thick as it is, has low
mechanical strength. On the other hand,  the TFT-side polarizer plate cell
352a is about 0.2 to 0.6 mm thick, and this thickness is  exploited to
reinforce the protruding portion 351aa. This is the reason that the TFT-side
-46- polarizer  plate cell 352a is extended so as to cover the outer surface
of the protruding portion  351aa, This increases the mechanical strength of
the protruding portion 3 5 laa. As a result,  when the liquid crystal panel
is transported from one place to another or assembled into a  liquid crystal
display device, even if it is hit or dropped, the protruding portion 35 1 aa
is less 5 likely to be cracked or deformed, or broken at a comer. The
mechanical strength of the protruding 'portion 351aa can be satisfactorily  



increased by leaving I min or less as a distance h (see Fig. 25) between the
edge of the TFT- side polarizer  plate cell 352a and the edge of the
protruding portion 35 laa, i.e., the width over  which glass is exposed
outward. Similar widths are secured between the other edges of the  10
polarizer  plates 352a and 352b and the edges of the substrate cells 351a
and 35 lb. Moreover, the edges 352aa and 352ba of the polarizer plates 352a
and 352b are all so  formed as to have a vertical section that becomes
thinner and thinner toward the substrate  cells 351a and 351b. Specifically,
these edges 352aa and 352ba are formed so as to have  inclined or curved
surfaces by a laser radiating mechanism 420 or cutting mechanism 460 15
provided in the liquid crystal panel fabricating apparatus that will be
described in detail later.  This prevents, when the liquid crystal panel 350
is transported from one place another or  assembled into a liquid crystal
display device, the edges 352aa and 352ba (especially at  comers) of the
polarize r plates 352a and 352b from being caught accidentally, and thereby
prevents exfoliation. In a case where protective films are formed on the
outer surfaces of 20 the polarize  plates 352a and 152b so as to be integral
therewith, the above structure prevents  exfoliation ofthosefilm  from the
polarize r plates 352a and 352b. Now, the preferred configuration of the
edges 352aa  and 352ba will be described. To  evaluate various
configurations of the edges 152aa and 352ba, by using, as a representative,
the liquid crystal panel fabricating apparatus 400 of the eighteenth
embodiment described in -47- detail later, experiments were conducted to see
how varying the shape of the cutting edge of  the blade 461 of its cutting
mechanism 460 (as by interchanging blades having C-shaped and  trapezoidal
cross sections as shown in Figs. 32(a) and 32(b)) affects the substrate
cells 351a  and351b . The results are shown in Fig. 26 5 Fig. 26 is a
diagram schematically showing the relationship between the inclination
angle g of the edges of the polarizer  plates 352a and 352b shown in Fig. 25
(Le., the rising  



angle of the side cutting edges of the blade 461) and the resulting
properties, i.e., how the  angle g affects the polarizer  plates 352a and
352b and the substrate cells 351a and 351b. For  angles from 90' to over
135', the following four items were evaluated: the mechanical 10 strength of
the protruding portion 35laa , delta-shaped chipping in the polarizer plates
352a  and 352b, exfoliation of protective films, and residues of the
adhesive bonding together the  substrate cells 35la  and 35lb  and the
polarizer  plates 3352a and 352b. For different ranges of  inclination
angles g, the result of the evaluation of each item was classified into one
of three  grades, specifically good, fair, and poor. As shown in Fig. 26,
when the inclination angle g 15 is in the range of from over 90' to 135',
good or fair proper-ties are obtained in all of the items.  Thus, the
preferred configuration of the edges 352aa  and 352ba is forming them as
surfaces  inclined at an angle in that range, It is to be noted that the
preferred condition found out in the above experiments  applies in cases
where the edges 352aa  and 352ba  are formed so as to have inclined
surfaces.  20 Needless to say, the edges 352aa and 352ba may be formed to
have curved surfaces instead so long as they have a vertical section that
becomes thinner and thinner toward the substrate cells  35la and 351b. The
substrate cells 352aa and 352ba may be formed of any other material  than
glass. Where fabrication efficiency is not given the highest priority, the
bonding of the  polarizer plates 352a and 352b may be achieved by first
cutting apart individual substrate -49- cells 351a and 351b and then bonding
thereto polarizer  plates already cut into predetermined  sizes. Now, liquid
crystal panel fabricating apparatuses according to the invention which are
suitable to fabricate the liquid crystal panel 350 described above will be
described with 5 reference to the drawings. How the liquid crystal panel 350
is fabricated will be described  specifically last. 



First, the liquid crystal panel fabricating apparatus of a sixteenth
embodiment of the  invention will be described. Fig. 27 is a perspective
view schematically showing the  appearance of the liquid crystal panel
fabricating apparatus of the sixteenth embodiment, and 10 Fig. 28 is an
enlarged view of a principal portion of the glass substrate. As shown in
Fig. 27,  the liquid crystal panel fabricating apparatus 400 is composed
essentially of a bed (not shown)  serving as a workpiece stage, on which a
strip-shaped glass substrate 301 having a polarizer  plate 302 bonded on the
top surface thereof is placed, and a movable unit 410 horizontally  movable
over the bed. The movable unit 410 has a laser radiating mechanism 420, a
wheel 15 cutter 430 for scribing, and a distance sensor 440 fitted thereto
so as to protrude downward.  These move together with the movable unit 4 10.
The laser radiating mechanism 420 is a C02 laser device as used in a common
laser  cutting/shaping machine, and emits a high power laser beam. The wheel
cutter 430, as will  be described later, forms cracks in the glass substrate
301 to permit it to be cut apart. The 20 wheel cutter 430 has a diameter ul
of about 2.5 mm, and has an obtuse cutting edge angle wl  of about 120 to
150' (see Fig. 29). The wheel cutter 4' )0 is supported through a spring or
air  spring on the movable unit 410 so as to apply a predetermined pressing
force to the glass  substrate 301. The distance sensor 440 is a touch sensor
for detecting the displacement of  the top surface of the polarizer plate
302 on the glass substrate 301 placed on the bed, and is -49- used to keep
constant the distances from the laser radiating mechanism 420 and the wheel
cutter 430 to the top surface of the polarizer plate 302. This control is
performed to stabilize  the focus of the laser beam emitted by the laser
radiating mechanism 420 and to stabilize the  pressing force exerted by the
wheel cutter 430. Incorporating these, the movable unit 410 is 5 moved at a
speed of about 200 to 500 mm/sec,  which is the appropriate speed at which
to  move the wheel cutter 430, Needless to say, the laser radiating
mechanism 420 is supposed  



to yield a laser output sufficient to cope with that speed. Next, the
operation of the liquid crystal panel fabricating apparatus 400 described
above will be described. As shown in Fig. 27, the movable unit 410 moves in
the direction  10 indicated by an arrow D along the boundary between cells
on the glass substrate 301. Here, the laser radiating mechanism 420,
radiating a laser beam toward the polarizer plate 302,  moves ahead of the
wheel cutter 430. Thus, the portion of the polarizer plate 302 irradiated
with the laser beam is melted and removed by heat, exposing the glass
substrate 301 there so  as to form a strip-shaped region 311. Following the
laser radiating mechanism 420, the 15 wheel cutter 430 moves along the
strip-shaped region 311 and forms there a crack 312 for  cutting
(hereinafter referred to as a "scribed line" also) (see Fig. 28). In this
way, the crack 312 is formed along the boundary between cells on the glass
substrate 301. Thereafter, when a load is applied to the glass substrate 301
as required, the  glass substrate 301 readily breaks apart along the crack
312, producing liquid crystal panels. 20 Even without a load applied to the
glass substrate 301, when the crack 312 is formed, it may  immediately
develop to cause the glass substrate 301 to break apart. In this case also,
the  glass substrate 301 is cut apart along the crack 312. In practice, for
higher fabrication  efficiency, the movable unit 410 is moved horizontally
along all of a plurality of boundaries  between cells to repeat the
above-described operation of the liquid crystal panel fabricating _50-
apparatus 400, then the glass substrate 301 is turned upside down, then
scribing is performed  also on the reverse side of the glass substrate 301
by the use of the wheel cutter 430, and then  the glass substrate 301 is cut
apart, In a case where a polarizer  plate 302 is bonded also to  the reverse
side, the above-described operation of the liquid crystal panel fabricating
5 apparatus 400 is performed also on this side. As described above, the
liquid crystal panel' fabricating apparatus 400 is highly  



effective in efficiently producing high-quality liquid crystal panels
because it prevents a glass  substrate 101 from breaking at inappropriate
places and prevents a polarizer  plate 302 from  exfoliating accidentally
even when dealing with a glass substrate 301 having a  polarizer plate  10
302 bonded thereto. The laser radiating mechanism 420 may be of any other
type than a C02 laser device.  The wheel cutter 430 may have any other shape
and dimensions. The distance sensor 440  may be of any other type than a
touch sensor. Next, the liquid crystal panel fabricating apparatus of a
seventeenth embodiment of the  15 invention will be described with reference
to Fig. 30- In this figure, such portions as have the same names and serve
the same purposes as in Figs. 27 to 29 are identified with the same
reference numerals, and overlapping explanations will be omitted. This
applies also to the eighteenth to twenty-first embodiments described later.
The seventeenth embodiment differs  from the sixteenth embodiment in that
the wheel cutter 430 is replaced with a gas spraying 20 mechanism 450. As
shown in Fig. 30, the movable unit 410 has, in the stage following the
laser radiating mechanism 420, a gas spraying mechanism 450 having a nozzle
451 through  which a gas is sprayed to the strip-shaped region '311 on the
glass substrate 301. The gas  sprayed through the nozzle 451 is, for
example, compressed air or an inert gas (such as  nitrogen). -51  This
liquid crystal panel fabricating apparatus 400 operates basically in the
same  manner as that of the sixteenth embodiment described above, but
operates differently  therefrom when forming scribed lines. The difference
is as follows, The laser beam  radiated from the laser radiating mechanism
420 not only heats and melts and thereby 5 removes a portion of the
polarizer plate 302, but simultaneously heats the strip-shaped region  '311
exposed on the glass substrate 301 as a result, miking the strip-shaped
region 311 hot.  



The hot strip-shaped region 311 is then rapidly cooled by the gas sprayed
from the nozzle 451  of the gas spraying mechanism 450, which follows the
laser radiating mechanism 420. This  causes the strip-shaped region 311 to
contract and produce a crack, In this embodiment, this  10 crack is used as
the crack 312. Next, the liquid crystal panel fabricating apparatus of an
eighteenth embodiment of the  invention will be described with reference to
Figs. 31 and 32. The eighteenth embodiment  differs from the sixteenth
embodiment in that the laser radiating mechanism 420 is replaced  with a
cutting mechanism 460. As shown in Fig. 1 1, the movable unit 410 has, in
the stage 15 preceding the wheel cutter 430, a cutting mechanism 460
composed of a blade 461 that  protrudes at a predetermined angle relative to
the polarizer plate 302. This liquid crystal panel fabricating apparatus 400
operates basically in the same  manner as that of the sixteenth embodiment
described above, but operates differently  therefrom when removing portions
of the polarizer plate 302. The difference is as follows. 20 As the cutting
mechanism 460 moves along the boundary between cells on the glass substrate
30 1, a portion of the polarizer plate 302 is shaved off by the blade 461 as
if by a wood chisel,  3 and a strip-shaped region 311 is exposed on the
glass substrate 301. The waste strip 302a of  the polarizer plate 302 shaved
off is ejected along the blade 46 1. With this liquid crystal panel
fabricating apparatus 400, it is easy to form strip-shaped -52- regions 311.
In addition, the cutting mechanism 460 requires only a mechanical structure.
This makes the control of the cutting depth and maintenance easy. Now,
examples of the shape of the cutting edge of the blade 461 will be described
with reference to Fig, -32. With a blade having a C-shaped cross section as
shown in Fig.  5 32(a), it is possible to shave the polarizer plate 302 with
a constant width. This helps 



stabilize the width ofthe strip-shaped regions 311 expbsed onthe glass
substrate 301. With  a blade having a trapezoidal cross section as shown in
Fig. 32(b), in addition to the same  advantages as obtained with the blade
having a C-shaped cross section described above, the  cut surfaces of the
polarizer plate 302 left on the glass substrate '301 are inclined. This 10
makes the polarizer plate 302 less likely to exfoliate accidentally,
Moreover, the friction  drag exerted by the blade 461 on the waste strip
J02a of the polarizer plate 302 shaved off is  reduced. This permits smooth
ejection of the waste strip 'A2a along the blade 461. With a blade having a
semicircular cross section as shown in Fig. 32(c), in addition to  the same
advantages as obtained with the blades described above, the friction drag
exerted by  15 the blade 461 on the waste strip 302a shaved off is further
reduced, and the blade 461 itself can be produced easily. It should be
noted, however, that the strip-shaped regions J I I are  exposed with a
smaller width. With a blade having a circular cross section as shown in Fig.
32(d), in addition to the same advantages as obtained with the blade having
a semicircular  cross section described above, it is possible, by
additionally providing a rotation mechanism 20 for rotating the cutting
edge, to use the whole circumference of the cutting edge for cutting.  This
helps prolong the working life of the blade 461. In this case, however, it
is also  necessary to additionally provide a mechanism for ejecting the
waste strip J02a. Next, the liquid crystal panel fabricating apparatus of a
nineteenth embodiment of the  invention will be described with reference to
Figs. 33 to 36. The nineteenth embodiment -53  differs from the eighteenth
embodiment in that the cutting mechanism 460 has a modified  construction.
As shown in Fig. 33, the movable unit 410 has the cutting mechanism 460 in
the stage preceding the wheel cutter 430, and, as shown in Figs. 34 and 35,
the cutting  mechanism 460 has a pair of blades 462 and 463 arranged at a
predetermined interval v so as 5 to face each other and each having a
cutting edge and a blade 464 arranged between those  



blades 462 and 463 at their bottom. The blade 464 has a width equal to the
predetermined  interval v, and thus serves to keep the blades 462 and 463)
constantly at the interval v.  Between the blades 462 and 463 at their top,
a support member 465 is arranged that has, like  the blade 464, a width
equal to the predetermined interval v. The support member 465 is 10
supported by the movable unit 410. These blades 462, 463, and 464 and the
support member  465 are built into a single unit with screws or rivets for
easy replacement. The liquid crystal panel fabricating apparatus 400
structured as described above  operates basically in the same manner as that
of the eighteenth embodiment described above,  but operates differently
therefrom when removing portions of the polarizer plate 302. The 15
difference is as follows. As shown in Figs. 33 and 36, as the cutting
mechanism 460 moves  along a boundary between cells on the glass substrate
301 in the direction of the shorter sides  thereof, first, the blades 462
and 463 cut apart a strip-shaped portion of the polarizer plate 302,  Next,
the strip-shaped portion of the polarizer plate 302, thus cut apart, is
shaved off the glass  substrate 301 by the blade 464, and is removed, as a
waste strip 302a, along the blade 464.  20 Simultaneously, a strip-shaped
region on the glass substrate '301 is exposed. With this cutting mechanism
460, the same advantages as achieved by the eighteenth  embodiment described
above are achieved, In addition, since the cutting mechanism 460 is
composed of a plurality of blades, for example, the width of the
strip-shaped region 3 11 on  the glass substrate 301 can be changed simply
by interchanging the blade 464. Moreover, -54- when one or two of the blades
have worn out, only those can be replaced individually. That  is, varying
widths of the strip-shaped region 311 can easily be coped with, and the
running  costs of the blades themselves are effectively reduced. Next, the
liquid crystal panel fabricating apparatus of a twentieth embodiment of the
5 invention will be described with reference to Fig. 17. The twentieth
embodiment differs  



from the nineteenth embodiment in that the pair of blades 462 and 463 are
given modified  shapes so as to reduce the cutting resistance to the
polarizer  plate 302. When the blades 462  and 463 each have a single
cutting edge as in the nineteenth embodiment, cutting a thick  polarizer
plate J02 with them inevitably results in a high cutting load imposed on
their cutting 10 edges. In other words, the cutting resistance to the
polarizer plate J02 is high, and this  invites the polarizer plate 302 to be
deformed while being cut or causes delta-shaped chipping  at the end of
cutting. To overcome these problems, in this embodiment, as shown in Fig.
37,  the blades 462' and 463' are each provided with a plurality of (in the
figure, two) cutting  edges having smaller and smaller cutting depths in the
direction of cutting (in the figure, the 15 direction indicated by an arrow
D). This reduces the cutting load imposed on each cutting  edge, and thus
reduces the cutting resistance to the polarizer plate 302, making the above-
described problems less likely. Next, the liquid crystal panel fabricating
apparatus of a twenty-first embodiment of the  invention will be described
with reference to Figs. '38 and 39, The twenty-first embodiment  20 differs
from the nineteenth embodiment in that the pair of blades 462 and 463 are
replaced with wheel cutters. As shown in Fig. 38, the movable unit 410 has,
in the stage preceding to  the wheel cutter 4JO, a cutting mechanism 460,
and, as shown in Fig. J9, this cutting  mechanism 460 has a pair of wheel
cutters 466 and 467 arranged coaxially at a predetermined  interval v so as
to face each other, instead of the pair of blades 462 and 463 shown in Figs.
34 _55- and 35. With this structure, it is possible to further reduce the
cutting resistance to the  polarizer plate 302. Here, the wheel cutters 466
and 467 are given an acute cutting edge  angle w2 in the range of from 30 to
900 to secure a sufficient cutting depth while preventing  the polarizer
plate 302 left on the glass substrate 301 from exfoliating accidentally at a
cut 5 edge thereof The wheel cutters 466 and 467 are given a diameter u2 in
the range of from 5  



to 10 mm, to secure sufficient space for their rotation shaft, to secure
sufficient peripheral  speed for fast cutting, and secure sufficient
mechanical strength in the wheel cutters 466 and  467 themselves. Now,
supplementary descriptions common to the eighteenth to twenty-first  10
embodiments will be given. In a liquid crystal panel fabricating apparatus
400 according to  the invention, strip-shaped portions of the polarizer
plate 302 are shaved off and removed by a  blade or wheel cutter. Meanwhile,
if the blade or the like reaches the glass substrate 3 )0 1, the  cutting
edge of the blade or the like may chip, or the surface of the glass
substrate 3 01 may be  scratched. Such a scratch, in particular, is
undesirable because it causes the glass substrate 15 '301 to break at an
unexpected place and causes degradation in its quality. On the other hand,
in reality, between the glass substrate 301 and the polarizer plate J02,
there exits a very thin  adhesive layer that bonds them together. Therefore,
the cutting edge of the blade or the like  is initially so set as to be
located within the adhesive layer so as not to reach the glass  substrate
301, and in addition, in the middle of cutting, it is monitored and
controlled by a 20 position sensor 440. Alternatively, it is also possible
to use as the material of the blade a  material that is harder than the
polarizer plate 302 but softerthanthe glass substrate 301. The strip-shaped
regions 3)11 on the glass substrate 301 are given a width in the range  of
from I to 3) mm, preferably in the range of from I to 2.5 mm. This helps
secure a  sufficient effective area on the polarizer plate 302 in each
individual liquid crystal panel, and -56- permits cracks 312 for cutting
apart to be formed easily without degradation in quality. Thus,  the
dimensions of the blade or the like need to be set accordingly. This can be
achieved  easily, in the nineteenth to twenty-first embodiments in
particular, by setting the interval v  between the pair of blades 462 and
463 or wheel cutters 466 and 467 in the range stated above. 5 Moreover, to
permit the waste strips 102a of the polarizer plate 302 shaved off to be  



ejected smoothly without accumulating on the blade or~the like, the blade or
the like is coated  with Teflon (R) or diamond to prevent the wastes 2a from
adhering thereto. This prolongs  the working life of the blade or the like.
A liquid crystal panel fabricating apparatus according to the invention may
be  10 structured in any other manner than specifically described above as
embodiments, and many  variations and modifications are possible within the
scope of what is claimed as the invention.  For example, the glass substrate
301 and the polarizer plate 302 are borided together with any  type of
adhesive, examples including common acrylic- or silicone-based adhesives. In
the  nineteenth to twenty-first embodiments in particular, the polarizer
plate 302 is shaved off by 15 the blade 465, and therefore it is advisable
to select a type of adhesive that can easily be  shaved off while offering
sufficiently strong adhesion to produce acceptable products- It is
advisable to bond a protective laminate film on the surface of the polarizer
plate 302, because  then, by removing the protective laminate film when
products are shipped, it is possible to  remove molten particles and cullet
(fine glass particles used when glass is cut) deposited on 20 the surface.
In the embodiments described above, the movable unit 410 moves relative to
the bed; alternatively, the bed may be made movable together with the glass
substrate 301  placed thereon, Next, how the liquid crystal panel 350
described earlier is fabricated by the use of a  liquid crystal panel
fabrication apparatus 400 as described above will be described in detail
-57- with reference to the drawings. Fig. 40 is a perspective view showing
the appearance of a  glass substrate of which the liquid crystal panel 350
is formed, Fig. 41 is a side view  schematically showing the liquid crystal
panel fabricating apparatus with respect to the glass  substrate, and Fig.
42 is a vertical sectional view of the glass substrate after the operation
of 5 the liquid crystal panel fabricating apparatus, Fig. 43 is a
perspective view showing the  



appearance of the glass substrate, with the TFT-side'surface thereof shown
at (a) and the  cutting positions on the color-filter-side surface thereof
shown at (b). Here, as  representatives, the liquid crystal panel
fabricating apparatus 400 of the eighteenth  embodiment (see Fig. 3 1) is
used, and, as the blade 461 of its cutting mechanism 460, a blade  10 having
a cutting edge with a trapezoidal cross section (see Fig. 32(b)) is used.
First, as the material of which the liquid crystal panel '350 is formed, a
glass substrate  301 is prepared that is composed of a pair of a TFT
substrate 301a and a color filter substrate  301b bonded together. This
glass substrate '301 has a plurality of TFT substrate cells 51a
andaplurality of colorfilter substrate cells 51b arranged adjaceritto one
another in a grid-like 15 pattern. Between each pair of a TFT substrate cell
5 1 a and a color filter substrate cell 5 1 b is  sealed liquid crystal.
Moreover, to the outer surfaces of the TFT substrate 301a and the  color
filter substrate 301b, a TFT-side polarizer plate 302a and a
color-filter-side polarizer  plate 302b are respectively bonded so as to
cover all the TFT substrate cells 51a (Fig. 40).  The TFT-side polarizer
plate 302a and the color-filter-side polarizer plate 302b have  20
protective films laid on the outer surfaces thereof Next, the glass
substrate 301 is placed on the bed of the liquid crystal panel fabricating
apparatus 400, with the TFT substrate 30laup, Then, the movable unit 410 is
moved in one  direction (in the direction indicated by the arrow D in Figs.
3 ) I and 18) from one edge of the  glass substrate 301 to another along one
UI of the mutually parallel boundaries Ul, U2, . . . -58- (see Fig. 43)
between adjacent TFT substrate cells 35la. As a result, a portion of the
TFT- side polarizer plate 302a is shaved off by the blade 461, and a
strip-shaped region 31 la (see  Fig. 42) is exposed on the TFT substrate
301a. Subsequently, the wheel cutter 430 is moved  along the strip-shaped
region 311 a to forma scribed line 312a (see Fig. 42). 5 Thereafter, the
glass substrate 301 is moved translationally within a horizontal plane  



so that the above operation is repeated along the boundaries U2, U3, ...
successively. Next,  the glass substrate 301 is rotated through 90 within a
horizontal plane so that the above  operation is repeated along the
boundaries Q1, Q2, ... (see Fig. 43) perpendicular to the  boundaries Ul,
U2.... to form scribed lines 312b (see Fig. 43). 10 Next, the glass
substrate 301 is turned upside down, and the above operation is  repeated on
the color filter substrate 301b. Here, however, the operation is performed
differently from when performed on the TFT substrate 301a. Specifically, it
is performed  not only along the boundaries VI, V2.... (see Fig. 43) between
the color filter substrate cells  351b, which are located right opposite to
the above-mentioned boundaries Ul, U2, ..., but 15 also along the boundaries
WI, W2, . . . (see Fig. 43) running parallel to and at a  predetermined
distance from those boundaries VI, V2, . . . in order to form protruding
portions 351aa. Thus, the movable unit 410 is moved in one direction (in the
direction  indicated by the arrow D in Figs. 31 and 41) from one edge of the
glass substrate 301 to  another along the two kinds of boundaries
alternately, in the order VI, W l' V2, W2. ... . 20 As a result, portions of
the color-filter-side polarizer plate 302b are shaved off by the  blade 461,
and strip-shaped regions 311c and 311 d (see Fig. 42) are exposed
alternately on the  color filter substrate 30lb. Subsequently, the wheel
cutter 430 is moved along the strip- shaped regions 311c and 31ld to form
scribed lines 312c and 312d (see Fig. 42). Thereafter, the glass substrate
301 is rotated through 90 within a horizontal plane so -59- that the above
operation is repeated along the boundaries T I, T2.... (see Fig. 43) between
the color filter substrate cells 351b, which are located right opposite to
the above-mentioned  boundaries Ql, Q2, . . to form scribed lines 312e (see
Fig. 43). Then, as required, a load is applied to the glass substrate 301 to
cut it apart along the  5 scribed lines 3 12a to 3 l2e into pairs of a TFT
substrate cell 15 1 a and a color filter substrate  



cell 351b. At this time, the portions 354 (hatched in Fig. 42) of the color
filter substrate  301b (including the color-filter-side polarizer plate
302b) located between the scribed lines  312d and the scribed lines 312d are
removed as unnecessary portions. This produces, in  each pair, the
protruding portion 151aa in the TFT substrate cell 351a. Lastly, a COG or 10
FPC is connected to the connection terminals 353 formed on the inner surface
of the  protruding portion 351aa to produce the liquid crystal panel 350 as
an end product (see fig.  24). In the liquid crystal panel 350 fabricated in
this way, the TFT-side polarizer plate cell  352a is so bonded as to cover
almost the entire outer surface of the TFT substrate cell 351a 15 including
the protruding portion 351aa, and the color-filter-side polarizer plate cell
352b is so  bonded as to cover almost the entire outer surface of the color
filter substrate cell 351b.  Moreover, the TFT-side polarizer plate cell
352a and the color-filter-side polarizer plate cell 352b are so cut as to
have, at their edges 352aa and 352ba, inclined surfaces which  reflect the
rising angle of the side cutting edges of the blade 461. Moreover, the width
with  20 which the TFT substrate cell 35 1 a and the color filter substrate
cell 3 5 lb are exposed at the edges on their outer surfaces is equal to
about half the width of the bottom cutting edge of the  blade 461.
Accordingly, by adjusting the shape and dimensions of the blade 461, it is
possible to obtain a structure as described above that offers the desired
mechanical strength of  the liquid crystal panel and the desired resistance
to exfoliation of the polarizer plates. -60- Needless to say, the liquid
crystal panel fabricating apparatus 400 of any other embodiment than the
eighteenth embodiment may be used to fabricate the liquid crystal panel  350
by the same procedure as described above. Incidentally, when a large-format
glass substrate is cut apart into individual liquid  5 crystal panels in
this way, the cutting operation described above needs to be performed in  



both of the lateral and longitudinal directions (X and )directions),
Depending on the order  in which the glass substrate is sectioned, however,
the following problem arises. Now, how  this problem arises will be
described with reference to Figs. 44 to 48. First, as shown in Fig.  44,
when a glass substrate 301 having a polarizer plate 302 bonded thereto is
sectioned in the 10 X direction, a movable unit 410 having a cutting
mechanism 460, composed of, for example,  a blade 461 to serve as a glass
substrate exposing means, followed by a wheel cutter 430 is  moved in the X
direction to shave off and remove the polarizer plate 302 and simultaneously
perform scribing. Then, at the same time that the polarizer plate 302 is
shaved off to expose  a strip-shaped region 311, a scribed line (a crack
along which to cut apart) 312 is formed 15 along the mid line on the
strip-shaped region 311. Then, as shown in Fig. 45, the movable  unit 410,
having the blade 461 followed by the wheel cutter 430, is moved in the Y
direction  perpendicular to the X direction in the same manner as in the X
direction to shave off and  remove the polarizer plate 302 and
simultaneously perform scribing. In this cutting method,  the blade 461 is
run in front of the wheel cutter 430. This makes it possible to cut apart a
20 glass substrate having a polarizer plate bonded thereto in a period of
time roughly equal to the  time required by a step of simply cutting apart a
glass sheet. However, as shown in Fig. 46, when the blade 461 is moved in
the Y direction  perpendicular to the scribed lines 312 formed previously in
the X direction, the cutting edge  of the blade 461, which is pressed
against the strip-shaped region 311 on the glass substrate -61  301,
collides perpendicularly with the shoulders of the cracks (scribed lines
112) formed by  scribing. As a result, as shown in Fig. 47, the liquid
crystal panel may chip at the corners, i.e.  at the cross sections between
the cutting lines, or, as shown in Fig. 5, the cutting edge of the  blade
461 may chip 461a. This shortens the working life of the blade 461, thereby
5 increasing the running costs, and also degrades the quality of the liquid
crystal panel 350.  



Thus, when the polarizing plate 112 is shaved off and removed, it is
advisable to run the blade  461 in such a way that it does not cross the
scribed lines 312 formed previously. A cutting method that avoids this
problem will be described below with reference to  Figs. 49 to 5 1. First,
as shown in Fig. 49, the wheel cutter 430 for scribing is retracted, and  10
the movable unit 4 10 is moved in the X direction with only the blade 461
pressed against the glass substrate 301. That is, when the movable unit 410
is moved in the X direction for the  first time, the polarizer plate 3 02 is
shaved and removed to form a strip-shaped region 3 11,  but no scribed line
312 is formed in this strip-shaped region 111. Next, as shown in Fig. 50,
the polarizer plate is shaved and simultaneously scribing is  15 performed
in the Y direction of the glass substrate ' )0 1 in the manner described
earlier. That  is, strip-shaped regions 3 11 and scribed lines 312 are
formed. Here, there are no scribed  lines where the polarizer plate 102 is
going to be shaved, i.e., in the strip-shaped regions I I I  formed when the
movable unit 410 was moved in the X direction for the first time. Thus,  the
blade 461 can smoothly shave the glass substrate 3 )0 1 without colliding
with scribed lines  20 312. Lastly, as shown in Fig. 51, with the blade 461
retracted this time, only the wheel  cutter 430 is run along the
strip-shaped regions 3 11 formed when the movable unit 410 was  moved in the
X direction for the first time so that scribing is performed in the X
direction of  the glass substrate 301 to form scribed lines 312 to achieve
cutting. In this way, by -62- performing sectioning in the X direction, then
in the Y direction, and then in the X direction  in this order, through with
increased operation time, it is possible to greatly prolong the  working
line of the blade and enhance the quality of the liquid crystal panel. In a
case where more time is allowed, it is also possible to shave the polarizer
plate  5 302 in the X and Y directions first to form strip-shaped regions
311 in both directions and  



then perform scribing. Alternatively, it is also possible to separately
build an apparatus  dedicated to the shaving and removal of the polarizer
plate and another dedicated to scribing  so that the two processes are
performed separately. 10 Industrial applicability Methods and apparatuses
for cutting apart a glass substrate, liquid crystal panels, and  apparatuses
for fabricating a liquid crystal panel according to the present invention
are useful  in technical fields related to liquid crystal display devices.
15 63 CLAIMS 1. A liquid crystal panel composed of a pair of substrate cells
bonded  together with liquid crystal sealed in between and with polarizer
plates bonded to outer  surfaces of the substrate cells, wherein edges of
the polarizer plates are so formed as to have a vertical section  that
becomes thinner and thinner toward the substrate cells. 2. The liquid
crystal panel according to claim 1, wherein the edges are inclined at an
angle larger than 90' but not  larger than 135' relative to the outer
surfaces of the substrate cells. 3. The liquid crystal panel according to
claim 2, wherein removable protective films are laid on outer surfaces of
the polarizer  plates so as to be integral therewith. 4. The liquid crystal
panel according to claim 1, wherein at least one end of one of the substrate
cells protrudes from at least one  end of the other of the substrate cells
so as to form a protruding portion, connection  terminals by way of which
the liquid crystal panel is driven is formed on an inner surface  



of the protruding portion, and the polarizing plate so extends as to cover
an outer surface  of the protruding portion. 5. The liquid crystal panel
according to claim 4, wherein edges of the polarizer plates are located I mm
or less inward from edges  of the substrate cells. 


